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Note. — Chapters IX Ut XV, iiiclusivri of Profeaaor Comslock'a Qoological Report 
were prepared afler the Confn'BBBioDBl Dociiroent [H. R. Ex. Doc. Ko, SBS, 43d Cong., 
Iflt BCflB.] had gone throu(;li the press, uad conseiiuvotl; do not appear in that edition 
«f the report. See AppomliiL. 
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LETTER 

FROM 

THE CHIEF CLERK OF THE WAR DEPARTMENT, 






TRANSMITTING .. • 



A report upon the reconnaissance of N'orthtcestem Wyoming^ made ih,'ike^ 
summer of 1873 by Captain William A. Jones j Corps of Engineers,^** 



The Chief Clerk of the War Department, in the absence of the Secretary 
of War, has the honor to transmit to the House, of Eepresentatives, in 
compliance with resolution of the House of the 20th ultimo, report of a 
reconnaissance made by Captain W. A. Jones, Corps of Engineers, in'the 
year 1873, for a wagon-rojvd from the line of the Union Pacific Railroad^ 
in Wyoming Territory, to the Yellowstone National Park and Fort 
Ellis, Montana Territory, together with letter of the Chief of Engineers, 
of the 13th instant, transmitting the same. 

H. T. CROSBY, 

Chief Cleric, 

Wae Depabtmbnt, June 16, 1874. 



Ofpiob of the Chibp of Engineers, 

Washington^ D. C, June 13, 1874. 

Sib: In compliance with the reference to this Office of a resolution of 
the House of Representatives of the 20th ultimo, I have the honor to 
transmit herewith a copy of a report of a reconnaissance of Northwestern 
Wyoming, made in the summer of 1873, by Captain W. A. Jones, Corps 
of Engineers, chief engineer of the Department of the Platte, under the 
orders of Brig. Oen. E*. O. C. Ord, commanding that department. 

It would appear from the report of Captain Jones that the wagon-road 
to Montana, by the Yellowstone Park, proposed by him, would open a 
roQte that, whatever may be the advantages of the Missouri River route, 
would tend to keep down rates, and would prove advantageous to the 
Government in the transportation of military and Indian supplies. 

The route passes the military posts of Camp Stambangh and Camp 
Brown and the Crow Indian agency, and is stated to be the shortest 
and most practicable route to the Yellowstone Park and Montana ; trav- 
ersing a fine mineral and agricultural country in the Wind River Val- 
ley ; an extensive area of well-timbered and well-watered country about 
the upper valleys of the Snake and Yellowstone Rivers, where the soil is 
fertile and the rain falls equably through the season ; and also a fine agri- 
caltural country in the valley of the Yellowstone below the falls. 

It would give an outlet to the mineral and agricultural resources of 
Montana, which is stated by Captain Jones to be one of the most pro- 
ductive mining regions of the West; and, in that connection, it is to be 
H. Ex. 285 1 
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noted titat tins route'-J^mild save two hundred and fifty niiles of railroad 
trail sportatiou, or.HlQ tiintance from Point of Rocks toUoriime, wljich is 
tbe present poi[K.o( departure on the Union Pacific Railroad for the 
posts in Mont^'^.' *• 

Very respbctfnily, yoor obedient servant, 

.•■.-:•. ' A. A. HUMPHREYS, 

; '•-.• Brigadier-Oeneral and Chief of Engineers. 

Hoi»,,W4: W. Belknap, 

Secretary of War. 

. Ujfejtpected delay has occurred in tbe copying of the maps by which 
tJi^^'port is accompanied, and tbey will be transmitted within a few 
-.■(Ijiys. 



Heasquabtbrs Department of the Platte, 
Office of the Engineer Officer, 
Omaha, Sebr., May 9, 1874. 

Sib : I have the honor to transmit herewith my final re|iort npon the 
military recoiiuaissance of Northwestern Wyoming, made during the 
sumnif r of 1873. 

I take great pleasure in thanking my associates in tbe field-work for 
their uniform courtesy and devotion to duty ; tbe officers of tbe dopart- 
uieiit staff for their kindly ind efficient assistance while I was prepar- 
ing my outfit for tbe field ; the otticers and men of Compitny I, Second 
Oavalry, fur tbeir conntiint and willing assistance ; Lieut. R. H. Young, 
Fourth Infantry, for his extremely aniuous and efficient services as 
acting assistant quartermaster and assistant commissary of subsistence 
fortlie expedition ; and Mr. Charles Onrtis, pack-master, for bis untiring 
energy and enthusiastic devotion to duty. 

The report is accompanied by tbe following reports, via : 

Botany, by Dr. C. C. Parry ; 

Geology, by Professor T. B. Comstock ; 
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Headquarters Department of the Platte, 

Omahaj Nebr.j May 11, 1874. 

Sir : Captain Jones's report and accompanying maps of an exploration 
of Northwestern Wyoming are herewith inclosed. He received from me, 
besides the written instructions stated in the report, verbal directions 
to find, if possible, a good route from the south, \ia the Wind River Val- 
ley and Upper Yellowstone, into Montana, which the report shows he 
accomplished. 

The trail-maps give a correct and detailed picture of the country 
passed over ; the reports of the geologist and botanist, with Captain 
Jones's description, explain its resources and capacity to support a large 
population, and show that the country to the south and west, and in the 
vicinity of Yellowstone Lake, will not, for agricultural purposes, require 
irrigation, as does the most of Wyoming and Montana. 

Valuable minerals were found, especially in the Wind River and 
Shoshone Monntsiins. 

The fact that this route, north of the Wind River Valley, passes 
through a timbered country, over which the mild southwest winds 
prevail in winter, renders it probable that, even at great elevations, it 
i8 not liable to drifting snows. Its shortness compared witji the pres- 
ent traveled route via Corinne, the mildness of the climate, fertility of 
the soil, and abundance of water, coal, wood, &c., in theWind River Valley, 
are strong reasons for opening the route for the use of the military posts, 
and the people of Montana, which section is languishing for the want of 
an outlet for its valuable mineral and agricultural productions. 

I therefore recommend that Congress be asked for an appropriation 
of $60,000 to open a wagon-road from Camp Brown, or some convenient 
point on the Union Pacific Railroad, to Fort Ellis, or Helena, Montana. 
I am, sir, very respectfully, your obedient servant, 

E. O. C. ORD, 
Brigadier- General Commanding, 

The Adjutant-General United States Abmy, 
Through Headquarters Military Divimon 

of the Missouri^ ChieagOy III. 

[First indorsement.] * 

Headquarters Military Division of the Missouri, 

Chicago^ May 15, 1874. 

Respectfully forwarded to the headquarters of the Army. 

P. H. SHERIDAN, 
Lieutenant' Oeneral Commanding. 

[Second indorsement.] 

Headquarters of the Army, 

Washington^ May 18, 1874. 

Respectfully forwarded to the Adjutant-General. 
By command of General Sherman : 

WILLIAM D. WHIPPLE, 

Assistant Adjutant- Oeneral. 
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[Tbiid indonement.] 

"Wak Department, Adjutant Gbnbbal's Office, 

WasMngton, May 19, 1874. 
Beapectfnlly referred to the Chief of Engineere. To ic returned. 
H. D. TOWNSEND, 

AdjutantOeneraL 



Chicago, May 16, 1874. 
Colonel: The iucloaed order* was issued in order to give Capt. 
William A. Jones, Eugineer Corps, a chance to have his work of last 
summer published ; but T wish it to be distinctly understood that I in 
no manner can indorse the contemplated road from the Point of Rocks, 
on the Union Pacific Bailroad, to Fort Ellis, via Yellowstone Lake, as a 
military necessity. 

If the Government desire to make ap])ropriation for the benefit of the 
mining popolation at Atlantic City, and the settlers in and about Gamp 
Brown in the Fopo Agie Valley, I have no objection j but I am not pre- 
pared to give even a shadow of support to anything so absurd as the 
military necessity for such a road. 

The land -transportation now, via Carroll un the Missouri Biver, to 
Fort Ellis is only two hundred and twenty miles, over a good road. 
I am, colonel, very respectfully, your obedient servant, 

P. H. SHERIDAN, 
Lieutenant-Qeneral Commanding. 
Col. W. D. Whipple, 

Aaaiatant A^utant-General, 

sof ths Army, Washington, D. 0. 



[Firat indoTwnieDt] 




GENERAL REPORT. 



CHAPTEE I. 

DESCRIPTIVE JOURNAL. 

Fort Bridger — Pacific Sprinms— Hostile Indians — South Pass— -Sweetwater River — 
Camp Stambaugh-:— Camp Brown— Shoshonee agency — Hot Sulphur Spring — Wind 
River — Owl Creek Mountains — Valley of the Big Horn — Discovery of the Sierra 
Sboshonee— Ascent of the Washakee Needles — Shosnonee Village — Washakee — Indian 
Scouts — Stinkingwater River — Crossing the Sierra Shoshonee — Stinking water Pass — 
Yellowstone Lake — Great Falls on Grand CaAon— Explanation of origin— Hot Springs 
on Orange Creek— Great Hot Springs on Gardiner's Kiver — Descrintion and explana- 
tion — Fossil gas-bubbles — Amethyst Mountain — Fossil trees with uollows containing 
crystals of amethyst— Geyser basins — Yellowstone Lake — "Our Twenty -eighth 
Hop'' — Ascent of Monnt Sheridan — ^A deserted camp — ^Trouble with Indian scouts — 
Upper Yellowstone River— Discovery of ** Two-Ocean Water" — The Three Tetons — 
Discovery of Togwotee Pass — ^Teton Basin — ^Head of Wind River — ^Return to Camp 
Brown. 

[Special Orders No. 80.— Extract] 

HBADQUARTEU8 DEPARTMENT OF THE PlATTE^ 

Omahaf Neh.y May 15, 1873. 

4. Capt. William A. Jones, Corps of Engineers, will proceed as soon as practicable 
to Northwestern Wyoming, and there make a reconnaissance of the country within the 
territory about the headwaters of the Snake, Green, Big Horn, Grey Bull, Clark's Fork, 
and Yellowstone Rivers. He will organize and equip his party at Fort Bridger. 

Second Lieut. S. £. Blunt, Thirteenth Infantry, will accompany Captain Jones as 
assistant. 

Assistant Surgeon C. L. Heizmann, United States Army, will report to Captain Jones 
for duty with the expedition, and to the commanding officer of the escort as medical 
officer for the troops. 

The acting assistant quartermaster and assiatani commissary of subsistence appointed 
by the commanding officer of the escort for his troops will perform the duties ot assist- 
ant quartermaster and assistant commissary of subsistence for the expedition. 

5. Company I, Second Cavalry, (Noyes'Sj) is detailed as escort for the reconnaissance 
of Northwestern Wyoming by Captain Jones, Corps of Engineers. The company will 
proceed by rail on the 4th proximo to join Captain Jones's party at Fort Bridger. 

The Quartermaster's Department will fnmisn the necessary transportation. 

• ••««*• 

8. Second Lieut. R. H. Young, Fourth Infantry, will report in person to Capt. H. E 
Noyes, Second Cavalry, for temporary duty with his company. 

• « • « *> « » 

By command of Brigadier-General Ord. 

GEO. D. RUGGLES, 
Assistant Adjutant- GeneraL 

In compliance with the above order I organized an expedition in 
Omaha, Nebr., consisting of the following persons, viz : Professor T. B. 
Gomstock, geologist ; Dr. C. C. Parry, clerk, botanist, and meteorolo 
gist 5 Assistant Surgeon C. L. Heizmann, U. S. A., chemist; Second 
Lieat. S. E. Blunt, Thirteenth Efgiment of Infantry, astronomer; 
Second Liout. E. H. Young, Fourth Regiment of Infantry, acting assist- 
ant quartermaster and assistant commissary of subsistence ; four topog- 
raphers, one astronomical assistant, one meteorological assistant, three 
general assistants, one chief packer, two guides, and two laborers. 



6 BECONNAI88ANCE OP N0BTHWE8TEEN WyOMING. 

The party was uoDceDtrated and went iuto camp at Port Briilger, 
^Vyoiuiitg, June 5, the escort joiuiiig tbe Siiiiie date. The ofScors on 
duty witli the latter were Oapt. H. E. Noyes, Lieutenants C. T. Hall, 
F. W. Kingsbury, and K. H. Young, 

The sum of $8,00(1 had previously been allotted to me from the appro- 
priation for "surveys for military defenses," for the purpose of making 
the recounaissance, and proved sufiicient. 

The transportation, as furuishM by the Quar term Ulster's Department, 
eousisteduf eight wagons and sixty -six pack and saddle mules, iu charge 
ot one paek-maater and ten packers; also three six-male teams and 
wagons were turned over to me ttor transfer to Camp Stanibaugb. 

Until June 12, the time was occupied in equipping the party, making 
fiual preparatious for the march, and completing the preparatory work 
of the several Held- parties. From Colonel Flint, the commanding officer 
of the post, E received the most cordial and lie-arty assistance, which 
contributed not a little toward our success. 

An expedition for an ascent of tbe Uintah Mountains, at the head of 
Henry's Fork, was sent out, but on account of tbe great quantity of 
snow and the limited time at their disposal, was obliged to return un- 
successful. On tlie 6th of June tbe water rose so high in Black's Fork 
as to force us to abandon our first camp and seek a drier one. 

Thursday, June 12. — The expedition broke camp at 8 a. m. and tXH>k 
up its line of march, moving northeasterly to tlie Big Muddy Kiver, a 
distance of eighteen miles. 

On the march the party was organized as follows : geologist, with 
one assistant ; meteorologist, with two assistants ; astronomer, with one 
assistant ; medical officer, with a complete outfit for the analysis, in the 
Held, of mineral and thermal waters and gases ; chief topographer, with 
two parties of two each, one on the general triangulation and the other 
in charge of the odometer uieasuremeuts and general description of the 
line of march. The odometers (three) were carried on a wheel attached 
to a pair of shafts, arranged for facility in moving over bad trails 
through timber. 

"" ' of eli'ven wai^olis witli the i>ai;kers a.s leamstera. 
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these moautains the region is almost raiuless, but the extraordinary 
spring rains had extended over it and fallen as snow in the snrrounding 
moautains in enormous quantities. Asa conseciuence, the streams were 
swollen to a remarkable extent, and rendered well-nigh impassable. 

At this camp there is no wood, but little grass, and the water was 
excessively muddy. 

Friday^ June 13. — Broke camp early and commenced the passage of 
the Big Muddy. This was attended with great difficulty, as the stream, 
barely fordable, was running very swiftly, and the bottom was soft. 
The first wagon mired in the rapid current, and the mules were rescued 
with much difficulty, great skill and energy being displayed by the 
men in charge. After this accident a line was led from each wagon to 
the opposite bank and manned by Captain Noyes's men, and only the 
best teams hitched to them. The passage, though tedious, was effected 
successfully, and a march of 13.2 miles made to Ham's Fork by 3.30 \}. m. 
Here the water was so high that the valley was largely overflowed and 
the ford absolutely impassable. Fortunately an old abandoned bridge, 
with its middle piers washed away, was found across the main channel, 
and this was successfully used in making a passage. The teams were 
unhitched and the wagons lightened to 1,000 pounds, and a detachment 
from the escort was then stationed on the opposite side, who drew them 
over the shaky bridge with great caution by means of a line. The un- 
loaded material was then carried over by these men, and the teams led 
over with extreme care. There remained about one-fourth of a mile of 
low bottom, of alkaline soil, which was considerably oveiilowed and cut 
up with sloughs, over which the greatest difficulty was experienced. 
Work continued until nightfall, which found six wagons with their 
cargoes safely across, while the remainder were mired in the bottom, 
which was strewn with material unloaded from them. 

Good grass and wood at this camp. 

Saturday^ June 14. — Commencing early, the passage was completed by 
1 p. m., but the men and animals had worked so hard that it was not 
deemed advisable to make any march, and we went into camp. I con- 
sider this passage quite a feat, the success of which was very largely 
due to the conception and energy of Captain Noyes and to the untiring 
efforts of Mr. Curtis, wagon-master. 

During the night some horse-thieves, who had been prowling around 
us, succeeded in getting two horses belonging to the escort. A party 
was sent out but failed to find them. Before leaving, however, the 
services of a citizen of Granger were secured to capture them if possible, 

Sunday, June 15. — Marched 18.9 miles to Green River, which was at 
flood-height. Excellent road and good camp. 

Monday, June 16. — Moved 3.3 miles down the river to the stage-ferry, 
by means of which we effected a crossing by 1 p. m., and went into camp. 
Green Eiver flows through a narrow flat valley which is covered with 
sagebrush interspersed with good meadow near the water and on the 
islands in the stream. Groves of the inevitable cotton wood are nume- 
rous. The stream is here of considerable size at any season of the 
year, but generally is fordable at a few places. Good camp. 

Tuesday, June 17. — Moved 12.4 miles to the Big Sandy and commenced 
Grossing it at 11 a. m. This stream was at flood-height, and the ford 
difficult from moving sands in deep water. The wagons were unloaded 
and reloaded after their beils had been lined with tarx>aulins and tent- 
canvas. Teams of eight and ten mules were then hitched on, and they 
were carefully drawn through the switt current, the water coming up 
above the middle of their beds. The passage was effected by 2 p. m., 
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aud we wentintocamp. One mule vas drowoed. The two stolen horses 
-were broagbt io this afternoon, havin^f been recaptared near Black's 
Fork. The coantry passed through Is a flat plain marked by a few- 
buttes and benches ; soil dry and sandy iu many places, and the whole 
covered with a thick growth of sage-brush. 

Big Sandy Biver is a stream having its source in the Wind River 
MouutaiDS, and mns through a narrow sandy valley with but little 
grass and no trees. 

This camp is at a stage-station on the route from Bryan to iSonth 
Pass City and the Sweetwater mines. • A little grass and no wood. 

Wednesday, June 18,— Moved 17.1 miles to the second crossing of the 
Big Sandy. The ford was mncb more difficult than that at the first 
crossing oh account of holes and qnicksands. The channel was very 
much wider, though the water was hardly so deep. Twelve mnles were 
hitched to one wagon, and hauled it safely across ; but as this exposed 
too mjtny mules to the danger of getting tangled in the harness and 
drowned in the rapid cnrreut, a line wiis led across to the opposite side, 
to which a ten-mule team was hitchetl, besides being manned by all of 
the men of Captain Koyes's command. By this means the wagons were 
pulled .across, but not without much difQculty and very han) labor. 
One wagon was overturned in tbe stream, bnt its contents, except a 
few insignificant articles, were saved by prompt aud skillful action. 
Fortunately they were not of snch a natnre as to be damaged seriously 
by being wet for a-short time. One mule became entangled in the har- 
ness amid-stream and was drowned. 

The ford was reached 12 m., and tbe crossing completed by 4 p. m,, 
when we went into camp. 

This is an eating-station on the stage-route. Water and grass ; no 
wood. 

Tkuraday, June 19. — Marched ten miles to the Little Sandy, where the 
crossing was made by 12 m., and camp was made. There is plenty of 
grass here, but no woijd. The country traversed in the past two days is 
a bot, sandy plain, supporting a thick growth of sage-brush and grease- 
wood, and swept by strong winds from the southwest daily after about 
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At this point I received a coininaDicattoa from the commanding officer 
of Camp Stambaagh, informing me of the presence of hostile Indians in 
his neighborhood. Rumors had already reached us of their depreda- 
tionsy and I had already commenced precautionary measures by keeping 
my gnides in the morning and evening on the lookout for signs. 

Sunday, June 22. — The night was very cold^ the minimum thermome- 
ter registering 21° F. Broke camp at 1 p. m. and marched four to six 
miles to the Sweetwater River, crossing over a bridge that is used in 
high-water seasons. The stream is generally fordable. Evidences of a 
recent and considerable fall in the water were abundant. The river 
here runs through a narrow, flat-bottomed valley, with sharp rugged 
sides of metamorphic rock. The soil is rich in garnets of small size, 
with slight indications of gold. The road traversed thus far from Fort 
Bridger has been excellent. 

Monday, June 23. — Broke camp at 6.30 a. m., and marched sixteen 
miles to Camp Stambaugh. 

The route passes through the mining-towns of South Pass City and 
Atlantic City, and traverses the greater portion of the Sweetwater gold- 
mining region across the slopes of the southeastern extremity of the 
Wind River Mountains. These mines are in a belt of metamorphic 
schistose rocks, that occupies the ^xial line of the mountains. They are 
very favorably located for working, and good roads are within easy 
reach, although water is so scarce that placer-mining does not prosper 
as it certainly otherwise would. On Strawberry Creek, near Camp 
Stambaugh, it was found remunerative to haul the dirt several miles to 
water. The gold occjurs singularly free in veins of a bluish, impure 
quartz, generally rather thin. For some reason, or i*easons, this indus- 
try is in a languishing condition. This was partly caused by tf great 
silver excitement in (Jtah, which drew away a large portion ot the 
miners to that ever-fascinating new country that they do not happen to 
be occupying.* There is every indication here of gold in paying quan- 
tities, but a stage has been reached where capital is needed for further 
development. 

Camp Stambaugh is situated on the southeastern extremity of the 
Wind River range, where it has run out to an elevation of about 8,000 
feet above the level of the sea, and is exactly on the divide. Thus ele- 
vated in position, it lies between and commands the two lines of api>roach 
and escape over which the marauding parties of Siou^, Arapahoes, and 
Cheyennes, from about Fort Laramie and Fetterman, make their almost 
regular annual descents upon the Wind River and Sweetwater settle- 
ments and stage-stations, lying respectivelyto the north and south of it. 
These two lines are connected by difficult trails over the high foot-hills 
of the range, above and to the northwest of Camp Stambaugh and the 
exposed mining settlement, so that eithercan be chosen as a line of escape 
after an outrage. 

* •-.The obvious mode of getting at these Indians, after their presence 
has been made known in the usual manner by some depredations, is to 
move the troops with the utmost celerity to some point near the junc- 
tion or convergence of these lines, which probably would not be more 
than one hundred miles to the east or north of east from Camp Stam- 
baugh, and there throw out an efficient line of signal-pickets. By this 
mesius, if they did not reach their objective point in advance o! the 
escaping Indians, they would not be unlikely to stumble over them on 
the way. 

Indians travel over a country guiding themselves by the prominent or 
noticeable landmarks, and when these are not sufficient, they build piles 
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of stones on a hill or in a doubtful pass. As a conseqnence, their trails 
of general travel mnst almost of necessity converge or diverge ut or 
near some of these points, and however much a party may scatter, it 
will come together again in the vicinity of some such place. Theige are 
really strategic points in Indian warfare, because the most difficult part 
of the matter is to get at the Indian, and he can best be reached through 
a thorough knowledge of his modes of travel. 

About Camp atanibaugh and the Sweetwater mines the grazing is 
generally good, but the country is nearly barren of timber, which, how- 
ever, is abundant higher up iu the mountains. The climate is very 
severe, aud strong winds arealinost constantly prevalent. 

Until June 28 the time was occupied in shoeing animals, repairs, &c., 
and as many as possible of the mines were examiued by Professor Com- 
Stock and myself. Bo'h of the box-chronometers, which had t>een car- 
ried by a mounted man in a basket attached to a sling, ha<l beeusoeiTatic 
iu their rates that they were left behind here, and the remainder of our 
work was done with pocket chronometers. Three wagoua and teams 
which we had brought from Fort Bridger were turued iu. 

"We were received at this post with the utmost courtesy and attention, 
and the commanding officer, Lieutenant-Colouel Ei-ackett, cheerfully 
accorded «s every assistance in his power. 

Fridn;/, June 27. — Starting at 6 a. m., we marched 8.2 miles to 
Twin Creek. The road passed through Miner's Delight, the most thriv- 
ing of the mining-towns in this locality, was very hilly, and in some 
places quite boggy from the late-melting snows. The long slopes of the 
foot-hills of the mountains are here covered with a splendid growth of 
grass, and thereisa scatt^'dng growth of timber, pine,spruce, and aspen. 
It is a*region admirably adapted for grazing. 

Saturday, June 28. — Broke camp and marched 12.2 miles to Murphy's 
ranche, on the Little Popo-Agie Biver, which latter had very recently 
fallen so as to just permit us to fonl it. There is here a small but well- 
sheltered valley of rich soil, where vegetables and hanly cereals are 
successfully cultivated. 

-Ax G !t. m. we broke camp and miirclied 15.5 miles 
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its situation under the lee of a very high range of mountains, which 
catehes the prevailing stonns on its southern face and deflects them to 
the south, whence they are drawn down the Sweetwater Valley as 
through a funnel, making a fierce eddy and the correspouding severe 
climate over South Pass City and Camp Stambangh. 

On the river, two miles below the post, there is a large, hot sulphur 
spring in a small lake, which has remarkable properties for bathing. An 
analysis of the water, by Dr. Heizmann, discovered chloride of lime as 
one of the constitnents. The temperature is usually IlQo F. Near by 
there is a running oil-spring, and also large beds of gypsum and alabas- 
ter. There is also a cold sulphur spring a few miles southwest from 
the i)ost. 

Near by is the agency of the Eastern bands of theShoshonee Indians. 
Their chief, Washakee, is thoroughly well known on the plains, and is a 
man of considerable ability and foresight. He expressed a strong de- 
sire to see a railroad come through his country as a result of this expe- 
dition, and took great interest in it. 

Table of distances. 

Miled. 

Fort Bridger to Camp StambMi^h 135 

Bryan, on the Union Pacific Railroad, to Camp Stambaugh 99.5 

Bryan to Sonth Paes City 93 

Brj'an to Camp Bro\fn 146 

Bryan is the point from which supplies are shipped to the Wind River 
posts. 

Until July 10 we were engaged in turning in the wagons and wagon- 
train material, rigging up the pack-train, and in measuring out a base- 
line and carefully locating the principal landmarks with alarge transit- 
theodolite. An expedition for the ascent of the Wind River Mountains 
went out on the 5th and returned on the 10th. Ten Shoshone Indians 
were enlisted as scouts, and Narkok, a petty chief, was employed as 
guide. These Indians stipulated that their families should be permitted 
to accompany them. To this I had no objection, as it insured their good 
behavior, and they could easily travel as fast as we would be likely to. 

We received the utmost courtesy and attention from the officers at the 
post, and the most cordial assistance from the commanding officer, Cap- 
tain Torrey, and Lieutenant Guthrie, post quartermaster. On the 10th 
of July we broke camp early and attempted to make a march, but many, 
in fact moat, of the train -mules were entirely new to packing, and created 
such havoc, that we were quite content to move one half of a mileacrossthe 
river and go into camp again. It took all day to accomplish even this 
much, and there was great amusement and excitement over the despe- 
rate struggles of the frightened and frenzied mules. Mules require a 
season of training before packs should be put on them for a march, 
but this we had no time for, and were obliged to break them in while 
on the march. This involved the breaking of nearly every breakable 
article in our outfit, and many a sigh was mingled with the laughter 
over the antics of some wild mule as one after another of the fragile 
luxuries of camp-life disappeared from usefulness. 

Friday, July 11. — The morning was spent in repairing the damages of 
yesterday's attempt at a march. Made a start at 2.30 p. m. and march- 
ed 8.4 miles to Sage Creek. This small stream has a bottom of soft 
mud and runs between almost vertical banks of alluvium. Our camp 
was at the neare^^ point to Camp Brown where it is fordable. There is 
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no ford below it. Poor cimp. ^niere is a little grass, no wood, and 
poor water. ' 

Satvrday, July 12. — Marched 10.7 miles to Wind River. Passed over 
a high plfttean cohered with sage-bmsh, from which there is a consider- 
able descent to the valley of the river. This was swollen to a great 
height and was not considered fordable. We were prepared to make a 
raft-ferry over it, bat I thought it advisable while looking for a suitable 
spot to also see if a ford coald be possibly foand. 

Sunday, July 13. — This morning the Indian's set at work with the at 
most spirit in search of a ford. They stripped off all clothing except 
the soldier's blonse, with which they had been furnished, and, mounting 
bareback, drove their ponies into the stream at every possit>le point, 
where they soon became involved in many dangerous as well as ludicrous 
situations. Three or four hours of this sort of work was followed by 
the announcement that they had found a possible ford. The line wonnd 
aroand and up and down among the islands and shoals in the channel 
in the most tortnous manner, and displayed an intuitive knowledge of 
the effects of flowing water that was remarkable. It was i-eally a skiil- 
fnl feat. Great care had to be observed in this crossing, as the liue fre- 
quently ran along narrow shoals amidstream, where the rapid current 
was more than swimrning-deep a few steps on either side. Six hours 
were occupied in effecting it, when we went into camp on the opposite 
side. 
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Tillage, gave us a rare opportunity of studyiug their habits and mode of 
life. They proved to be extremely vigilant, and their conduct was unex- 
ceptionable. 

Mondayj July 14. — Marched 14.8 miles up Dry Creek, on which we 
made our camp. The country rapidly grows coarse, dry, barren, and 
very dusty. No water, except in the creek, where it is poor; wood and 
grass are scarce. 

Tuesday^ July 15. — A topographical party which had been sent to a 
station in the Wind River Mountains overtook camp at 10 a. m., when 
we took up the march and moved 10.3 miles along the same creek, going 
into camp at a spot where there was plenty of wood, tolerable grass, and 
poor water. Dry Creek, from its name, probably does not always carry 
water through the season. 

Wednesday^ July 16. — Broke camp 9 a. m., and marched 18.5 miles 
through the foot-hills of the Owl Creek Mountains. The line of march 
lay through a country extremely desolate and quite mountainous in its 
character, the rocks being frequently tilted vertically, with some very 
large dikes of quartzite. Some quite extensive beds of gypsum and ala- 
baster occur, with deposits of iron-ore, (brown hematite.) These give^to 
one canon on the route a highly variegated appearance, which led us to 
call it '* Painted-Rock Canon.^ Along the route, water^ wood, and grass 
are very scarce, and only one stream (the Little Muddy) was crossed. 
It was almost dry thus early in the season. At camp the water was 
from springs that were nearly dry, and was quite alkaline; and the 
grass wai) thin and poor. There is no wood. In this region the rocks 
are tilted and flexed in quite a remarkable manner, apparently by forces 
from two directions, making a considerable angle with each other. I 
saw indications of coal, but may be mistaken. 

Thursday^ July 17. — Broke camp at 9.30 a. m., and marched across the 
Owl Creek Mountains, camping on the Middle Fork of Owl Creek. 
Distance 10.5 miles, over an easy trail. Wagons from Camp Brown 
have been taken across at this point and as far north as the Grey Bull 
Biver. 

The mountain-slopes are generally rounded, and covered with a fine 
growth of grass ; timber, aspen, pine, spruce, and hemlock, occurs ift 
extensiv^e groves, and there are many springs and small streams on the 
northern water-shed. 

At 5.30 a. m. I took a small topographical party, with an escort and 
some Indian scouts, and started to make the ascent of the peak which 
forms the climax of the range, and reached the summit by 9 a. ni. 

I have named this peak Phlox Mountain, from the extensive Helds of 
white phlox that its slopes display. From this point it was seen that we 
were entering the Big Horn Valley close under the eastern flank of an 
enormous range of mountains whose existence, although suspected, was 
unknown. Subseanent nhsHrvatinnft MhnurAii it ±^ k^ *-iw» c.^**^^ ««. ♦u*.... 



ERRATA. 

The following paragraph should follow immediately after Figure 1, page 12: 
In theTicinity of this crossing, Wind River flows through a hroad rihand of me«adow, 
of varying width, with numerous groves of cottouwood, which grows to quite a largo 
size. The approach by the right is over very high terraces of soft earth. These pla- 
teaux are so high that their cultivation by irrigation is probably out of the (question. 
The soil is rich, and is covered with sage-brush and the characteristic bunch-grass, 
which latter is of quite superior size. Wild licorice occurs in the valley. On the left 
bank these terraced deposits are mostly worn away, leaving many buttes and benches, 
amoDg them Crow Heart Butte, whose height and characteristic features render it a 
very noted landmark in the valley. 
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seen except Cloud Peak and a few [>eaks iu its vicinity, distaut one 
hundred miles. Snbsequeiit and frequent examinations of tliis range 
from a distance of eighty miles, nud from many high points, shon' that, 
with llie exception of the claster of culminating points jnst mentione<l, 
the range must be a low one, with the general line of the summit much 
below the timber-line. North of Clond Peak this summit ap[>ears re- 
markably even and free from ]>eaks, from which I infer that it is a high, 
rugged platean.. Very little water drains from their western slopes, and 
the country appears quite desnlnte and barren. To the southeast lay 
the " bad lands " that are inclosed witiiin tbe angle of the " big bend " 
of Wind River, coming quite up to the toot of the Owl Creek range. 
The quantity of water that drains from the south .slopes of this rauge 
is quite small, and from tbe north slopes but little is supplied to Owl 
Creek, which is in reality a drain from the mountains to the westward ; 
to tbe south, across the valley, the Wind Kiver Mountains stand out in 
massive grandeur, with sEiotv-cIad peaks along their whole length. 
From tbe Indians I learned that the snow disappear during the sum- 
mer from all except in the vicinity of Union Peak. Along their flank, 
and .sweeping up to their summit from the valley below with wonderful 
symmetry and regularity, lay the bnge layers of Silurian, Carboniferous, 
^'iassic, Jurassic, Cretaeeous, and Tertiary rocks, forming immense 
ridges, and forcing one to the simile of the petrified waves of a mighty 
geological ocean. 

1 noticed in this vicinity that along tbe summit, in the neighborhood 
of Phlox Mountain, the nietamorphicrocksare simil»rand are arranged 
similarly to those at tbe summit of the Wind River range. Good camp, 

Friday, July 18. — Left camp at 6 a. m., with a topographical i>arty, 
accompanied by Professor Comstock and Lieutenant Blunt, to make the 
ascent of what appeared to be tbe highest peak in tbe range west of 
us, distant about fourteen miles. Tbe approach appeared to be one of 
great difficulty, and when 1 asked the Indians if they could guide me to 
a [>oint. somewhere near it, they said they knew of no way to get there 
at all. I ha^l examined the country for an approach the day before 
from I'lilox Miimitiiin, and could sec noiip except by following aliin;r liie 
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of some kind. After five hours of severe and extremely dangerous climb- 
ing, three of the party — two of the topographers, very fortunately, and 
to my astonishment, with the barometer and theodolite^ — and myself 
found ourselves at the limit of progress toward the summit. The peak 
is formed by several huge plates of granite, whose summit-lines are serrat- 
ed with teeth at which the edges are generally vertical. The summits are 
80 narrow that in places one can actually sit astride, with legs dangling 
over great precipices on either side. We were upon the serrated summitot 
the plate adjacent to the highest one, whose summit loomed with pre- 
cipitous sides fully 200 feet above us. Between was an immense gulf 
separating the plates. Not only was further progress impossible, but 
we could see now that the summit was absolutely inaccessible except 
with the aid of appliances for climbing, and probably not even with 
them. We took the angle and estimated the distance to the summit; 
finished our instrumental work upon a ledge a little below our highest 
IK)ii)t, for there was not room on top to set up an instrument and use it, 
and were very glad, indeed, to commence the descent. The situation 
upon our perch — no one dared stand up on it — was anything but pleas- 
ant, and we left it only with the burning regret that it had not been the 
summit. Messrs. Putnam and Bond, who carried the instruments up, 
certainly deserved suc<iess. The approximate altitude of the peak is 
12,250 feet. From our dangerous perch the view, spread out to the north 
and west, was grand and even terrible. As far as could be seen lay a 
jagged mass of peaks of dark-brown volcanic ejectumenta, which showed 
black in the shadows of the falling sun, giving to the whole that appear- 
ance of black shadow and mystery which always produces such strong 
impressions on the mind. 

Later observations lead me to the belief that we were looking upon 
the headwaters of the Snake and, possibly, the Yellowstone Rivers. We 
were upon the highest peak in sight in this range. 

By 5 p. m. we had completed the descent, and found the rest of the 
party, one of whom. Lieutenant Blunt, had narrowly escaped with his 
Ufe. 

We marched back over our trail until after dark, and then made our 
weary bivouac for the night. 

Owl Creek, above its canon, runs through a splendid park, abounding 
in game — mountain sheep, bear, elk, deer, and bufi'alo. 

Sunday^ July 20. — Started back a. m. for camp over a route selected 
from the mountain yesterday, and reached it 1.30 p. m. 

Monday^ July 21. — Marched north-northwest eighteen miles to Cotton- 
wood Creek. The line of march lay through the grassy and well- 
watered foot-hills of the mountains. Scrub-cedar grows npon the hills, 
and cotton wood along the streams, both somewhat sparsely. This 
country is a favorite range for buffalo. The grass is very fine. At 
camp we found a very cold spring, temperature 41° F. Wood is scarce, 
and there is an outcrop of coal near by. 1 have renamed this stream 
Mee-yer-o Creek, giving it an Indian name. The early trappers, follow- 
ing the Indian practice of referring to streams by means of the natural 
features about them, have infiicted the country with numberless Cotton- 
Wood, Willow, Sage, &c., Creeks, which is sure to lead to much confusion 
hereafter. From what I could gather, I am of the opinion that the 
8ho8honee« do not have distinct names for the streams and mountains, 
bat refer them, where they are not in sight, to prominent landmarks or 
characteristic natural features in their immediate vicinity ; thus, the 
Stinking Water Eiver would be spoken of as ^^ the stink water in such a 
direction and near such a landmark f the South Fork of the Stinking 
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Water, as " the water vith a pecaliar-ahapetl rock close by it ;" Beaver 
Ontek, as " the little water near such a landmark, where there are miiiij 
beavers ;" Wiod River, as " the big water by sach a landmark, where tbe 
wind blow8 very hard," &c. I do not think that they have names for 
the monntaiu-raug^ at all. As there is a remarkable Hameneas among 
the natural features along the streams in the plateaus of the Bocky 
Mountains, it resultk that a large number of streams are named alike. 
On this account I have changed a few names. 

Tuesilay, July 22. — Marched 13.6 miles to Beaver Creek, and went into 
camp 12.30 p. ni., where we found good grass, wood, and water. Tbe 
country is Still high-rolling, with fine grass all over it, ami few trees. 
Exteusive patches of tbe wild gooseberry grow along this stream. I 
have renamed it Gooseberry Greek, feeling little apprehension that the 
name will be duplicated. 

Wednesday, July 23. — I find that by making marches in tbe forenoon 
everybody becomes too tired to work to advantage in the afternoon, and 
have therefore decided to make tbem in the afternoon, starting about 
noon. Were we simply marching through the country it would be dif- 
ferent, but in cases of this kind the maixshing should be mado subsidiary 
to the work of examining and describing the country. As our marches 
are short, it is not too fatiguing to travel in the heat of the day, and we 
are thus enabled to examine the country about camp during the fore- 
noon, obviously to greater adv^tntage. Another advantage is that the 
animals have plenty of time to graze before starting on the march, 
which they do not have when an early start is made, and it is very im- 
portant that pack-aoimals should eat their fill before starting on a 
march. 

Some Sboshonee Indians came in from Wasbakee'a camp near the 
Stinking Water River. They reimrt immense herds of bnffalo lower down 
in the valley, and that the village is having a grand bunt. We havB 
seen a number of straggling buffalo in tbe past tew days, and several 
have been killed. 

Marched 10.7 miles to Orey Bull River. This is astream of coosld- 
eruble size, running through a narrow valley, which two or three miles 
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the expedition, but did not seem so well pleased at having so many of 
his bestyonng men go with ns as soldiers. 

At 2 p. m. we moved camp 4.4 miles, to a point near the Shoshonee 
village; Five more of them were enlisted by Captain Noyes, and one 
joined us as a volunteer, raising the number of Indians with our party to 
seventeen. The captain also swapped oft' a poor unfortunate fellow who 
had developed a case of hopeless sore eyes for a healthy one. The tribe is 
terribly afflicted with syphilitic attections. The village was perched well 
up on the mountainside, on a small stream which here opens out into a 
diminutive valley, just above a long, gloomy caiion. Its existence would 
never be suspected from below. From the lookouts the view of their 
sentinels swept all possible approaches thoroughly. Unobserved ap- 
proach was impossible, and a better place for defense could not well be 
selected. Constant incursions into this valley of large war-parties of 
Sioux gave wisdom to their precautions. 

To our surprise, the mountain-spur above us is composed almost, if 
not entirely, of volcanic matter, which, in some places, contains fossil 
trees of considert»ble size. Its measured altitude is 8,607 feet, which is 
3,400 above the valley ot* the Stinking Water. Grass is thin and wood 
scarce. 

Saturday^ July 26, — Marched 18.8 miles to the North Fork of the Stink- 
ing Water River, crossing the South Fork, or Isha-woo-a River. 1 have 
given this stream the Indian name of a peculiar- shaped rock, by means 
of which they distinguish it. It is a remarkable, finger-shaped col- 
umn of volcanic rock, standing alone in the valley, about three miles 
above our crossing. The valley of the Stinking Water has here an ele- 
vation of 5,273 feet above the sea, and is the lowest point touched by 
the exi)edition. Just below the junction of the two forks, and about a 
mile below our crossing, the river, by a deep and rugged but short 
cauou, cuts ofl" the i)oint of a sharp and high anticlinal ridge ot yellow 
limestone which stands vertical along the summit, leaving a high, bold 
peak on the right bank, which the Indians use as a landmark. They 
refer to it as the "mountain' with many cedars.'' I have, therefore, 
called it Cedar Mountain. High up on its southern face is a remarkal>)e 
hole, which the Indians calleil my attention to, and said it was very 
deep. I could, with my glass, see that it was a hole, and intended to 
visit it after reaching camp, but was prevented from doing so by more 
urgent business. About twenty miles northeast from this ])oint is a 
small, isolated cluster, which is probably the Heart Mountain of the 
early trappers and guides. 

To-day we began meeting with huge spurs running out from the 
Dioantains at about right angles; also evidences of tremendous volcanic 
action. The drift in the valley is conii)osed of the debris of volcanic 
rock. We passed the remains of a large depositing-sulphur spring. 
The water oozed from a cylindrical mound of soft mud, a little har- 
dened on its rim and held together by the roots of a rank growth of 
water-grasses. It lies close to the Ish-a-woo-a River, on the south side 
near where our trail crosses, and probably at one time contributed 
largely to the odorific title of the main river. A few miles lower down, 
below the canon, a mass of sulphur springs occur which still give good 
canse for the river's name. On the North Fork we found the extinct 
remains of a mass of depositing springs; the whole hill-side was covered 
with the large sedimentary mounds of soft black and brown earths, hav- 
ing a good deal of transparent gypsum in crystals and small pieces 
scattered through them. 

On the mountains there is a tolerably heavy growth of coniferous 

H. Ex» 285 2 
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tre«s, and along tbe streams the everlasting cottonwood flourishes. The 
valley of the North Fork for a considerable distance above the caflou 
has very little grass except a very tall, coarse kind, that grows io 
patches near the water, and is not suHBciently nutritions to induce the 
animalit to eat it. The soil has a peculiar greasy, yellowish look, and 
oidy snpiKtrta a stinted growth of grease-wood and sage-bnisb. The 
Stinking Water is a river of considerable size, and, prouably, is rarely 
fordable below the junction of its two main forks. We had conmidera- 
ble diflicnlty in finding a ford across the Ish-a-wooa, even this lat« in 
the season, and probably neither of the forks are fordable ninch 
earlier. 

Above the canon the waters of both streams are perfectly pure and 
have no smell. Fine trout are abnndant and game has been very plen- 
tifal. The tracks iudicitted that tlie elk and mountain-sheep have lately 
moved higher U]) into the mountains. 

Sitndag, July 27.- Marched 14.7 miles up the North Fork of the Stink- 
ing Water, and camped at the mouth of its grand canon. We entered 
the mountains yesterday. Along the trail the soil is rather poor and the 
grass is thin. Wowl is ubuudant. Tlie latter part of the trail, for about 
six or eight miles, is quite rough, and crosses a small but remarkable 
bed of tertiary deposits of colored marls and clays. 

The mountains are very rugged. The rocks are mainly limestone, 
sandstone, and a coarse volcanic conglomerate. The sedimentary rocks 
soon disajipear, and the i>eaks are eompused of, apparently, bori/x>utal 
layers of vulcanic ejecttvmenta. The prevailing color is a dark-reddisb 
brown, which gives the mountains their marked black haze in shadow 
and bronze tint in the light. The conglomerate weathers into the most 
fantastic pinnacles, needles, and grotesque forms. When inters tratilieil 
with the rich brown sandstones it weathers into characteristic rounded 
columns, displaying tier a|>ou tier, reaching above the timber-line into 
the clouds, of sculptured balconies supported by long processions ol pilas- 
ters and clustered columns, while, clambering np from below, forests 
of spruce and pine, growing on seemingly impossible 8loi>ies, cover the 
iJioiMitiiiii-sido to the upper limit of forest-growth. Comimreil with any 
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therefore impossible. At last we came to a patch of grassy bottom, 
just large enough for the party to camp upon, and a halt was cheerfully 
called. 

The cafion-walls are streaked with dikes and veins. To-day and thence- 
forward it was found necessary to send a pioneer party from the escort 
ahead of the main body to clear and make the trail. Captain Noyes 
generally took charge of this party, and to his untiring efforts the expe- 
dition owes much of its successful progress. 

During the day the Indians have been following the fresh trail of two 
white men with two led horses, who have ascended the valley just ahead 
of us. After reaching camp one was sent ahead to reconuoiter, and 
about three miles farther on he found them, just as they had predicted; 
two white men with two spare horses, which were packed. They were 
prospectors from Clark's Fork, and were greatly relieved when they 
found we were not Sioux, as they had supposed upon first sight of our 
Indian scout. 

Tuesd^yj July 29. — Laid in camp. The pack-train was so badly used 
up that it was necessary to give the animals rest, and replace the lost 
shoe-s and tighten the loose ones. 

Wednesday, July 30. — Broke camp and marched 14.5 miles up the 
stream. The trail was extremely difficult anrf beset with danger, both 
upon land and in the water. In one place it was so dangerous that even 
the Indians dismounted and led their ponies over it. Those who under- 
stand how Indians stick to their ponies in the most unheard of places 
Hither than dismount, will appreciate the difficulties of a situation that 
induced them to travel on foot. The stream wa« forded seven times. 
At one of these crossings, which was quite difficult, a pack-mule lost 
his footing and floated, pack and all, some distance down stream. 
Through the extraordinary exertions of Mr, Curtis, our chief packer, 
this animal was saved, though at the expense of its cargo and aparejo. 
Mr. Curtis came very near drowning, and broke one of the bones of his 
right hand-«-a serious accident. 

On this march we emerged from the canon and came into the park 
that is usually found near the head of mounUiiu streams. At camp 
there was splendid grass and plenty of wood. Along the stream is a 
thick growth of cottonwood, pines, cedar, and willow. The mountain- 
slopes are densely timbered. 

We are passing through what appears to be one ridge of maximum 
elevation in the mountains. They seem to be composed entirely of ma- 
terial thrown from or poured out of volcanoes, and yet no distinct cra- 
ters, or anything that looks like them, can be seen. Estimating from the 
timber-line, many of these peaks are over 12,000 feet high, and some 
carry at this season vast fields of snow on their northern slopes. From 
the precipitous character of the weathering about their summits, many 
of them will probably be found inaccessible. 

Thursday, July 31. — The Indians say that I can make one "big march" 
to the divide, or two easy ones, and get across it. I choose the latter, 
and we start at 12.30 p. m., marching eleven miles up the river. 

The trail leads through a perfectly lovely country ot open pine forests, 
csiqieted with long soft grass and the mountain-huckleberry. This berry 
is quite small and red, and has a very delicate flavor. We camped in 
a spot that was absolutely perfect, having ice-cold water, a broad meadow 
of thick grass, with dark forests of spruce and pine close around, car- 
peted with a long gniss that makes our camp-bed feel like down. Elk, 
deer, and trout are abundant. A mule deer was killed. 

I find to-day that we have crossed the highest ridge of the mountains 
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and that the pass at the head of the Stiokiiig Water is probably through 
a st'coiidary ridge, and not the niaiu du'ide. 

At tliis poiut it became necessary to ascend a neiRhboriiig peak to do 
some important topographical work, and it was decided to lay over one 
day fur the pur|K)8e. lu this coririeution the qnestiou of provisions 
iisscrtod its importance. Ir appeared that by making all possible baste 
to Yellowstone Lake, and sending the pack-train from there to Fort 
Ellis for supplies, the party left behind wonid be out of provisions before 
it i-nuld get back. As one day more or less in a case of that kind would 
not make much difference, it was decided to lie over, do the necessary 
work, and meet the consequences by shortening the allowance of pro- 
risioiis, should it become necessary. An examination showed that the 
soldiers had eaten more than their allowance of flour; that my party had 
consumed considerably more than its allowance of everything, aud that 
the Indians had devoured their rations long ago aud were subsisting on 
the couutry. They frankly confessed that the supplies thus obtained 
were rather scanty, and that they were getting hungry. Just here may 
be explained the secret of the tremendous marches made by war-parties 
of Indians. Having the power of going several days without food, they 
have no ueed of a train to incumber their progress. 

Friday, Augtut 1. — Started at 5.30 a. m. with a party consisting of 
Dr. Parry and Messrs. Bond and Putnam, with the theodolite and ba- 
roiiierei', to make the ascent of the peak before mentioned, and reached 
the Kummit after three boms of pretty stiff and some dangerous climb- 
ing. The point jiroved a ver>' good one for examining the eastern slope 
of the divide between the Big Horn and Yellowstone drainage. We 
were in the midst of n mass ol wild aud rugged peaks, seemingly thrown 
to^'cther in the direst confusion. To the west, and not far distant, was 
a line of {leaks which evidently formed the "divide," aud through a 
depression in it, to the northwest', we could see mountains, which were 
evi<lently upon the farther side of the Yellowstone Valley. The day 
was spent in work at the summit, and we reached camp at ^p. m. very 
tired and hungry. This peak we have uamed " Sailor Mountain." 

Nnturtlay, August 2. — Broke camp at S.;!0 a. m. and marched 14.4 
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peak in company with tlie theodolite-and -barometer observers, to do the 
im|>ortant work that was now presented to us. From this point it could 
be seen that Yellowstone Lake lay in a broad and high rolling plateau, 
densely covered with trees; that from it, to the west and south, there 
are no mountains except Mount Sheridan and the Tetons, and that the 
country probably slopes off gradually in those directions into the basin 
of Snake Kiver. We found frcvsh tracks of mountain sheep exceedingly 
numerous, but there was so much noise that they took the alarm in time 
to get out of sight. Two bears came down to witness our passage, but 
the hostile demonstrations of our Nimrods scared them away. 

We reached the camp of the nuiin party at sundown, when it ap- 
peared that Dr. Parry and the two white guides were missing. 

I have named these mountains " The Sierra Shoshonee," because the 
right to name them is clearly mine, as I have been the first to cross 
them and mark out their geographical position and extent. Professor 
Hayden has called what he has seen of them and their western border 
sometimes the " Snowy Mountains " and sometimes the " Yellowstone 
Mountains,'^ but he has also applied the lattc».r name to a range lying 
south of Yellowstone Lake, that has no existence.* 

Sundayj An{fH8t 3. — Owing to a miserable contretempSj this day was 
lost. The trail to the lake was not found by 2 p. m., so I had the 
train unpacked, and went into camp without making any move. This 
camp wasin asmall opening in theforest, near a very large,gushingspring, 
whose temi)erature was 38^ F. Tliere are also, close by, some bubbling 
gas-springs from pools of water at 38^ F., that have regular one-minute 
intervals between timesof maximum action. The gas is sulphurous acid. 

Grass was very scarce and i)oor about camp. Measures were taken 
in the morning to discover our whereabouts to the supposed lost mem- 
bers of the party, and the odometer-cart was brought in. At 2.30 p. m. 
I took four packers and went back to the old trail, which we rapidly 
followed down to the prairie on Pelican Creek that was open to the 
lake. Returned to camp at 0.30 p. m., where I found a note from Cap- 
tain Noyes, informing me that he had made his way to the lake, and 
that the three missing persons were there, and not likely to suffer, as 
they had killed an elk. 

Monday, Av/fust 4. — Broke camp at 9 a. m., and marched about 
eighteen miles, to the outlet of the Yellowstone Lake. The last of the 
three o<lometers gave out today. About six miles from camp we came 
upon a lake of warm water, with a multitude of diminutive hot sulphur 
and gas springs on its eastern shore, and some large springs breaking 
out from beneath the water near this shore. It is the recipient of quite 
a stream of pure cold water from the mountains, and has an outlet into 
Yellowstone Lake. On the south side of the lake is a small mud puff, 
steaming and fuming away, depositing various forms of sulphur. Two 
kinds of rock seem to be forming in its immediate vicinity ; one a con- 
glomerate from the surface- material. A careful study of the way iu 
which rocks are decomposed and others formed from the resulting 
material by the hot steam and gases from the springs of this basin 
ought to throw light upon the dark subject of metamorphism. 

On Pelican Creek, iu the timber about six miles farther on, there is 
another system of depositing-springs, supplying a large mass of red 
earths and recently-formed rocks. An analysis showed the existence 
in those deposits of chromium, a rare mineral. 

The trail down the mountain side was through a dense forest, very 

• SeeRe|>ort of United States Geological Survey, 1871, and map of Yeliowstoue haku, 
p. 101, and also same report for 1872. 
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much obstructed with fallen timber. Aloug Pelican Creek is a strip of 
rolling prairie, with marsh close by the stream, while near its junction 
with the lake the gre-ator portion of its valley is marsh. This prairie is 
the home of gi-eat numbers of field mice and moles, which have bur- 
rowed up the ground to such an extent that it is traveled over with diffi- 
culty. The same is true of a great deal of the open country in the 
Yellowstone basin. Along the north shore of the lake the timber is 
interspersed with many'gras.sy openings. 

Tuesday, August 5. — I sent the pack-train to Fort Ellis for supplies. 
It waa accompanied, by Captain Noyes and the escort. Lieutenant 
Hall and a few men remained with ua There is very little, if any, 
danger from hostile Indians iu the park at present. Small parties of 
Bannacks, Mountain Crows or Snakes, ("Sheep-eaters,") might try to 
steal something, but they are arrant cowards. 

As far as my observation went, good camping-grounds for parties of 
ordinary size can be fonnd almost anywhere iu the basin. 

At this camp a complete series of astronomical and hourly meteoro- 
logical observations was instituted and continued during our stay. 

Two p. m. found the beach sprinkled with explorers, spread oat at 
full length, with strained eyes close to the sand, waiting for a crystal to 
"pop up." The sand is full of clear, sharp but diminutive cryxtais of 
different minerals, mostly silica. These crystals are perfectly shnped, 
and quite beautiful. They come from a porphyri tic-trachyte poq)byritic 
with glassy feldspar and silica, that occnrs among the igneous rocks of 
this region. Much of the quartz is amethystine. The north shore of 
the lake has a long, shallow, sloping beach of soft saud, very convenient 
for bathing. The temperature of the water varies between 50° F. iu 
the morning and 6;>° F. iu the evening. It is influenced considerably 
by the heat of the sun, but at any time is cold enough to break dowu 
the constitution of tlie strongest bather if jiersisteiitly applied. I have 
ventured to name this place Crystal Beach for tbe benefit of future 
poets and sentimentalists. 
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The forest here is made up almost exclusively of pine, (P. contorta.) 
Toward the lake their branches are stuuted and beut upward toward 
the trunk, while on the north side (from the lake) they grow out long 
and free. The contrast is very noticeable, showing that the prevailing 
storms come from the south (southwest f ). Tliis is to be expect<3d as the 
basin is all open toward the south and west, and is completely hemmed 
in by high mountains on all other sides. 

Thursday, August 7. — While breaking camp this morning a pa rtj' of 
horsemen were discovered upon the other side of the river. They proved 
to be a party of officers from Fort Ellis. 

Alter placing in a cache a lot of provisions and material, for which we 
did not have transportation, we started at 12 m. and marched fifteen 
miles to Yellowstone Falls. The river near the lake is not fordable, and 
generally between the lake and the falls is uufordable. Just below the 
mud volcano there is a ford that can be used late in the season. Our 
Indians 8topi>ed here, where ihey crossed the river to await our return 
upon the other side. 

Two of my topographers started down the river upon a rude raft 
which they had constructed, expecting to get down to the falls before 
the main party. They were to sketch the stream and make soundings. 
Unfortunately about six miles below the lake they were swamped in 
some rapids, whose existence they had not discovered in time, and were 
obliged to abandon their raft, from which they escaped with much diffi- 
culty. Tliey did not reach camp that night. 

The trail is very good, about eight miles of it next to the falls being 
through open country. Some very fine springs occur opposite and a little 
below the mud volcano. Alonff the streams there is considerable marsh, 
and also along the river just above the rapids. 

Friday, August 8. — Decided to remain at this camp two days. We 
are following the trail of Captain Koyes, which here runs into the direst 
confusion, branching oif here and there, but each part always returning 
upon itself. They have evidently lost the trail and have been hunting 
for it. We had no guides who were conversant with the countiy about 
the lake, and 1 liad trusted to our ability to pilot ourselves by the map 
of Captains liarlow and Heap, United States Engineers, who were 
here in 1871. 1 sent the guides out to find a continuation of the trail, 
and afterward visited the upper falls and examined the rocks in the 
canon and about the falls with much care. With Lieutenant Blunt I 
went below the fall. This required some pretty nasty ciimbhig along 
the water's edge about the immediate approach, perhaps not so much 
from the actual danger as from the moral effect of the terrible torrent 
just below^, which seemed to clamor and roar at the prospect of a mis- 
step by the human intruders upon a smooth, slimy shelf of rock, scarcely 
wider than the foot, which had to be passed at one place. Ten or 
fifteen feet from the mass of falling water, just on its flank, and a little 
to the rear, farther progress became impossible, for here the loose debris 
which occurs at intervals along the torrent's edge gives out, and one 
stands against the face of the vertical wall of the fall gazing into the 
cauldron of unknown depth, which the impinging water has worn into 
the igneous rock, softened and disintegrated by the heated gavses and 
vaiMU-s from God's awful laboratory beneath. By the barometer the 
height of this fall is 150.2 feet. Its beauty is really remarkable. The 
water contributes beauty of form and color, and the rocks grandeur, iis 
from their vertical jointage they weather and are worn into vertical 
walls, sheer and straight, of tremen<lous height. Just before taking the 
leap there is a sharp bend in the channel, which narrows considerably 
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nnA wears out below, and to the right a huge semicircular precipice. 
The rocks are a porphyritic trachyte, aud a loose couglomerate coDtaio- 
iug quite a large variety of igueous rocks. This conglomerate will repay 
future study. 

We theu wcDt to the lower fall, but became separated on the way. 
He dfsceuded to the bottom of the carton below, while my progress be- 
came obstructed at the verge of a precipice abont 80 feet high, spring- 
ing up from the seething; waters close by tlie flank of the fall. The 
rocks, like those about the upper falls, weather vertically, aud, from 
greater decomposition, into pinnacles and isolated Hloi>es oidibri» lying 
thin on the softened and disintegrated surface. 

I did not enjoy the sight of this fall at all, as my attention was con- 
stantly diverted to the steep and narroT gulch in the rock, at whose 
loot I stood, fearing that Lieutenant Blmit, whom I expected down every 
moment, might, by accident, start a loose stone from the debris, a mis- 
hap which would have inevitably knocked me into the waters below, 
besides, there was just above me a huge drift of snow, and I begun to 
feel certain that the time had come for it to lie a small avalanche. I 
scrambled up the gulch with considerablu difficulty, aud soon found my- 
self in camp with clothing thoroughly saturated from the spray about 
the falls. 

During the early morning I had visited a mass of hot springs aud 
gas-vents ou the sides of a hill near camp. It seemed to me that I saw 
here evidences of the disintegration of the rocks by the hot waters, 
gases, and vajiors from the springs. 

1 have noticed that whenever there is a mass of gaseous sprtugs, either 
in action or extinct, if they come from a hill-side, the wliole mass of 
rocks adjacent is disintegrated and of yellowish and wliite color. 

Some of the party, while walking down the river along the edge of 
the grand caiion, stumbled across what is probably Captain Noyes's trail. 
Trogiess in this direction had been cnnsidered impossible. It after- 
wanl api>eared thiit he had pushed ahead, making his owu trail, after 
having lost half of one day in looking forihe old one, which had become 
indistinct. 
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Of those that we could examine, the greater namber iBsoed from clean 
holes in tlie hard, smooth, {water worn,} rock. Probably tUe matenal 
deposited from the water gets washed off, while the gases stain the 
neighboring rocks. One siwuting spring, however, had built for itself 
quite asymmetrical beehive-shaped mound of silica. An idea of the 
shape can be gained from the sketch below, (Fig. 3.) 



VEHTICAL SECTION 




Fig. 3. SpODtiug Siliea Sprlnj;, Yellowstone Fulls. 

By improvising a horizontal sight we set up the barometer at aliont 
the level of the bottom of the fall, after which we ascended to its crest. 
We were on the right bank, where there is a narrow ridge, very steep, 
with loose dirt on it, which leads down to the crest of the fall. We set 
np the barometer here, with the feet of the tripod in the water, at the 
only spot where the water's edge can be apjiroached at all. The sharp 
ledge of rock here overhangs the precipice, and may fall off at some 
futnre day. 

Prom this point one gets the fullest idea of the grandeur of the fall. 
The depth of the cnt seems immense, and the effect is heightened by 
the tremendous vertical wall on the right, which has a sheer height of 
fully 600 i'oet. On the face of this mighty gash in the rocks the column 
of foiling water dwindles and appears small, and this, perhaps, is the 
reason the effect of the fall is not so impressive from below, or even from 
the bottom of the caDoQ ; the volume of water appears small in com- 
parison with the great height and mass that encompass it. The fall is 
M grent that the whole volume of water seems to break into drops and 
spray before it reaches the bottom, and the chasm for ooe-third of the 
height from the bottom is filled with a mass of white vapor which very 
much lessens the apparent height to the eye looking from below. But 
looking down from the crest, one gets the fall effect of the great height. 
The cbasmis so deep that the trees along the bank have but a slif;ht 
effect in the beauty of the surroundings. The height of the great fall 
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from our meaanrements (barometrical) is 328.7 feet. This differs from 
the results obtained by previone piirties, bat from the satisfiititory mau- 
iier ill which our altitude work checked itaelf, I think it can be relied 
upon as a reasonable appixixiinatiou. After examining the rocks from 
the top of the caiion above the upper fall to the bottom of that below 
the lower fall, with a view of arriviuf:^ at an explanation of their origin 
and the attendant phenomena, I find that at the upper fall the rouk is 
mostly a hard porphyritic trachyte, and Professor Gomstock saw two or 
three dikes of trap. Higher up, and outcropping between the falls, a 
layerof coarse, Hofl^ sandstone, (conglomerate,) appnrently horizontal, and 
distinctly stratified, occurs, it carries a good deal of obsidiiiu in coarse 
grains, and its dSbris covers a good deal of the country on both sides of 
the river. Below this, and to the bottom of the upper canon, occur an 
amygdaloidal conglomerate; a very coarse conglomerate, (riither breccia,] 
contaiuing reddish -brown sandstone and obsidian, with well-marked 
cleavage; a coarse, friable stone, made up of grains of spherolitic obsi- 
dian; Jiud the hard porphyritictrachyt« observed above the fall. Between 
the falls 1 observed no marked change in the character of the rocks. A 
yellowish color appears over the whole .just above the lower fall, but it 
is only on the outside, and is evidently a staiu. About and in the Grand 
Cauou the rocks are nearly all tinged a brilliant yellow, and along the 
walls are weathered largely into pinnacles with their summits tinged 
reddish brown. Everywhere that I broke the rocks the fracture showed 
clearly that the yellow color was only a tinge, and revealed their igneons 
character, and I tested some of the most marked specimens. I found 
the same hard porphyritic trachyte and granular obsidian rock that 
occurs above. Olose by the hot springs in the caiion thetrauhyte carries 
the strongest tinge of yellow, (sometimes whitish,) and is sometimes con- 
verted into a cellular rock, the imbedded crystals having evidently beeu 
destroyed. 

I therefore suggest, in explanation of this phenomenon, that during a 
former |>criod, when Ifellowstone Lake covered a much more extensive 
area than now, the line now occupied by the river below the lake, 
especially from the falls downward through the Grand Canon, became 
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Deer-flies, (a kind of horse-fly,) mosquitoes, and gnats are very namer- 
ous below the lake, and futare travelers should be well supplied with 
netting, both for themselves and animals. They are not troublesome at 
night, owing to the cold. In other mountain locsilities they disapi)ear 
with the extremely cold nights of July, but here, in the vicinity of the 
hot springs, they find plenty of warm rocks to roost upon when the 
nights are cold, so they can live on for an indefinite lateness of season. 

Sunday^ August 10. — Started on the march at 10 a. m., with the pack- 
mules very heavily loaded. The trail, for a considerable distance, fol- 
lows close to the caiion through a dense wood, and is quite difficult. 
Marched twelve miles to Orange Creek. Much of the cargo had to be 
thrown off" on the way, to be sent back for on the following day. The 
chief difficulty was in getting through the thick timber, which had not 
been sufficiently cleared away. 

Mond^xy, August 11. — Remained in camp. Provisions are getting low ; 
sent back to the cache for what was left there. One of our cooks was 
lo^t in the forest, and remained out over night. I felt much worried, 
because it is a serious thing for a man to get lost in these forests as 
there are no landmarks visible from which he can determine his position. 

Tuesday^ August 12. — Sent parties out to the highest neighboring 
IK>ints to fire signals, and also sent out a guide to make a circuit around 
camp and find, if possible, the trail of the lost cook. Eain had been 
falling all night, and was still falling. Our efforts were successful, and 
the poor fellow came in about 10 a. m. in a pitiable plight, having had 
neither fire nor food. Rain was falling so hard that it was not consid- 
ered advisable to move camp. It cleared up, however, by 1 p. m., when, 
with Lieutenant Hall, I started, with a few x>ack-mules and such of the 
cargo as was not required for immediate use, to carry it forward on the 
trail as far as possible. Our means of transportation were so limited 
that it took us two days to make one march. We moved fourteen miles 
to the East Fork divide, and returned to camp by sundown, leaving the 
cargo under proper guard. 

Hot springs are very numerous along this trail, and the whole atmos- 
phere is saturated with their vapors to that extent that we were some- 
what nauseated by them. The trail follows for a while an old Indian 
trail, which, becoming too difficult. Captain Noyes had evidently aban- 
doned it, and tried to get around by the liead of the shaq) ravines. It 
led in a very tortuous manner through heavy forests and over very steep 
hiH«. Along the bank of the Grand Oaiion, by bridging a few of these 
ravines and deep gulches, a very easy road could be made. 

Wednesday^ August 13. — Broke camp at 9 a. m., and marched twenty- 
eight miles, directly over the highest point of the East Fork divide, to 
the East Fork of the Yellowstone River, one mile from the bridge over 
the latter stream. Through the ranchman at the bridge we have news 
of Captain Noyes and the train. Knowing that we would be short of 
provisions before he could get back to us, he had made a very rapid 
march into Fort Ellis and would probably get back to us in five or six 
days. 

While on the high summit of the East Fork divide we were greeted 
with quite a severe mountain storm. During the march along the trail 
among the numerous hot springs we were again nauseated as on the 
day before. 

On Orange Creek, near our last camp, occurs a notable mass of springs 
that have so cut down and discolored the ix)cks that I named the locality 
Orange Bock Springs. Orange Creek is a wild mountain-sti earn, run- 
ning at this point through a picturescpie canon whose walls are fully 
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200 feet liigfa. From the bed and banks of tbe streaio, and at the foot 
of the canon walls, countless springs are issaing. Tbe air is saturated 
with gases; tlie noise deafening, and the smell sickeiiing. Tbe spot 
has most of the physical characteristics of our best authenticated con- 
ceptions of hell; and one of our gnides, who discovered it, did not tarry, 
for be felt certain that " the devil was not far ofiT." The stream dashes 
over a series of ra[)ids and cascades. Tbe rocks are disintegrated and 
discolored with tbe gieatest variety of hues — white, yellow, red, various 
shades of green, brown, and drab. Along the summit of the canon 
walla lie huge blocks ready to drop off, while tbe foot of the slope is 
strewn with masses of fragments of the tracliytic rock. On the uortli- 
east side, close by the water, is an exceedingly large jet of steam, escap- 
ing under such pressore from a narrow fissure that the noise is deafeD- 
ing. The steam smells of a sulphur gas, and is excessively hot. Close 
around it are three large hot springs with steam issuing from them, one 
of which is turbid white and quiet, wbiletbe other two are boiling and 
geyser-like. Very little water escapes from them by the surface into 
tlie stream. Directly across the stream, a little to the west, is a large 
boiling fountain spring, with an outlet whose channel is line<l with silica. 
Besides, there are multitudes of small gas-jets, depositing sulphur in a 
variety of forms. 

Where the trail crosses a small tributary of Broad Creek is another 
active mass of springs. Among them, one elliptical in shape and about 
!iO by 30 feet in opposite diameters, is quiet, has a whitish scum, and 
emits a sulphur gas. It has a slight overflow. Another of dark drab 
mud is 15 by 31 leet across, and is constantly in violent ebullition, throw- 
ing the mud 2 and 3 feet high. Steam and gas escape from it. 

[ decided to wait in this vicinity until tbe return of the train from 
Fort Ellis. 

Thursday, Angugt 14.— Sent back for tbe cargo left on the trail yester- 
day. 

Across the stream, to the north from our camp, is a high ridge of gran- 
ite, whose direction is not at first sight apparent. It runs across the creek 
cloHe l*y camp, where it ia quite low, and the surface tUhrin run be seen 




^: 




^^ 



BECONNAISSANCE OF NORTHWESTERN WYOMING. 29 

the country soath from camp are from this soorce, because they appear 
to be rounded from wear rather than from concretionary structure, 
while the granite of the ridge is lamellar, and gneissic in structure. A 
notable feature of the conglomerate is, that it is frequently stained and 
its constituents sofnetimes thoroughly impregnated with a green mine- 
ral (silicate of iron,) which might easily be mistaken for carbonate of 
copper. 

As far up East Fork as can be seen from these granite knobs the 
valley is quite open, fairly timbered with spruce, pine, and aspen, and 
is clothed with excellent grass on the rolling country between the caHons 
where the stream cuts through some minor ridges.* On these there are 
nianv ponds of stagnant water. #To the north and northeast the mount- 
ains are very high and rugged. 

Friday, Avgmt lo. — I started at 7 a. m. with a small party, carrying 
rations and bedding on our saddles, for the Great Hot Springs on Gar- 
diner's River, distant twenty miles down the Yellowstone. We made 
our nooning near a lovely fall on the east fork of Gartliner's River, after 
traversing a beautiful country of high, rolling hills, well watered, with 
excellent grass everywhere, and wood scattered here and there in groves 
and masses. At the fall the rock is basalt, stained to a dull yellowish 
hue. The weathering about it and in the cailon below is quite similar 
to that about the Upper Falls of the Yellowstone. 

A beautiful effect is produced about half-way down the face of the 
fall, where a horizontal dish like ledge juts out from the wall. Some of 
the falling water rushes down and into the dish of the ledge, so that its 
impetus throws it up again at several points in low, heavy, fountain-like 
jet8, while another portion jumps clear over and beyond the ledge, in a 
thin transparent sheet whose convex surface looks exceedingly like a 
glass cover preserving the little fountains beneath from defilement. 

We reached the springs at 3 p. m., and spent the afternoon in looking 
over this very interesting and beautiful phenomenon. A settlenlent has 
sprung up here fortbe purpose of accommodating sight-seers and bath- 
ers. I have not much confidence in the bathing properties of the water. 

Saturday, AugvM 16. — Completed an examination of the springs and 
the surrounding country, and started back to camp, which we reached at 
8.30 p. m. As the Great Hot Springs have been described and thoroughly 
photographed, I will only offer an explanation of their structure, as my 
views materially differ from any that 1 hav'e yet seen advanced. The 
maximum tempemture of the water given (lG4o F.) was obtaiueil by 
Dr. lieizmano and myself by penetrating through the clouds of steam 
and over the hot and dangerous crust to the main fissure, from which 
the water was esosping with considerable violence. Looking back at 
this i>erformance it seems foolhardy; for no one can tell, in such a mass 
of steam, whether the crust under their feet about the edge of the fis- 
sure is firm, or thin and overhanging, a common feature. These springs 
(see sketch, Fig. 4) are the source of a small stream which empties into 
a sink near Gardiner's River, a short distance above where the latter 
joins the Yellowstone. The water comes out at temperatures varying 
from 9:io p, to 164^ F.; the latter at the fissure, where the niaxinjum 
quantity of water is escaping now, and is strongly impregnated with 
certain minerals, principally calcite, which latter it deposits profusely 
upon exposure in thin layers to the atmosphere. The springs originally 
came out at the top of the hill above them, which 1 should judge to be 
folly 1,000 feet above those in action now. 

l%e efi#ct of th« rapid deposition from the water is quite remarkable, 
there beiag formed by this agency level-topped hills, sometimes 200 feet 
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bigh in successive terraces, one below the other down tfae slope of the 
[lUl — probably along a line of mpiure in the rocks — their faces showing 




Ideal sectioD of spring and its deposits. 

beantifully comigatert surfaces wbieh imitate very closely the Meandrina 
coral, and display, while the water is flowing over in thin sheets, deli- 
cate and coarse tints of carmine, pink, rose, yellow, and brown. 

The proof that the progress of these formations is from the top Hmcn- 
irnrd, ahd not from the bottom upward, as explained by Professor 
Hayden,* is conclusive ; at Ihe top, the springs are all dead, and the 
de))ositM are decayed and almost hidden beneath vegetable loam from the 
deiisi'forivst that bus i)vcr;irowii tlicni, while aU of the actire sprimis arc at 
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Qnes merge into one large one aroand and below the orifice, on a level 
with it and bordered by a scolloped rim, over which the water flows in a 
continnous sheet, (Fig. 5.) The water flowing over this rim and down- 
wardf builds up, as the rim rises and advances outward, a steep slope 
with the maze of corrugations on its surface that result from its rapid 
throbbing flow. Any serious obstruction on this slope will bring about 
the formation of a seconday pool on the face of it, a feature of common 
occurrence. This process builds up a large hill, with the large shallow 
pools on top of it, but everywhere on its slopes and top-surface the slight- 
est cause tends to produce the general results just described in miniature. 
Hence, on top we find the large pools whose surfaces are literally meshed 
with the scolloped rims before described, and the slopes are studded with 
little shallow basins with scolloped rims and corrugated sides, the hill 
itself in miniature. 

It was along these rims that Dr. Heizmann and I made our way to 
the very edge of the largest orifice and took the temperature of the 
water in it. The spring thus builds for itself a characteristic mound of 
great beauty, both of form and color, which ultimately becomes its tomb. 




a.HiJUsida 

h. Spring €Uipc9^ 

?. Sprina 



For, in due course of time, the level surface about the orifice becomes 
raised so high that the water can no longer flow out and over it, where- 
upon the deposition gradually chokes it up with thin, cellular curved 
layers of calcite. 

"Now, if the cause of this action were continuous and of constant 
power, the spring would break out again in a favorable spot, and build 
up another mound of about the same height, and the process would 
be repeated so long as there remained any possible means of escape for 
the confined waters in that locality. But, although the cause is thus 
far continuous, the power is actually decreasing, as is evidenced by the 
extensive distribution of the dead relics of former volcanoes and the 
multitude of extinct and waning thermal springs; consequently, where 
the spring breaks out afresh, it must, in this case, be at some point 
lower down, as the line of rupture in the crust of surface-rock evidently 
runs downward toward Gardiner's liiver, and a new mound will be 
built up of less height than the last one. Sometimes small vents have 
broken out below the level of maximum action, producing a fountain- 
spring, throwing a jet of water nearly as high as the level of the princi- 
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pal spring. Tbe deposition from this woold produce a oyliodrical col< 
iiuiu, witU the top Dorrower and roanded. (Fig. 7.) 
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Among tbe peculiarities of deposition are delicately-beautiful hof- 
low spheres, about one-eighth of an inch in diameter, sometimes open 
on the top, with a lid. They are so thin and fragile as to break at the 
slightest touch. I put forward with some hesitation a curious explana- 
tion of their origin. From the soft sediment at the bottom of the pools 
about the main orifice, small bubbles of carbonic-acid gas are constantly 
but quite sluggishly arising. Now, the deposition is here so rapid that 
any bubble that lingers a certain length of time on the bottom — as 
many of them can l^ seen doing at any time — receives a coat of it over 
its film of surface sufficient to keep it there, thus forming a fossil bubble. 
Lying there on the bottom, it is soon surrounded and covered up with 
the ordinary material of deposition. This is the origin of the small 
spherical cells which are so marked a feature of the rocks deposited 
from these springs. Certain forms of coral are imitated, notably the 
Madrepores and Meandrina] stalactitic forms are common, and the soft 
deposit in the pools seems to harden into an irregular interlaced mass 
of strings and fibers. 

Sunday^ Augunt 17. — I went oat today with the miners at the bridge 
to a place called by them " Specimen Mountain," a noted locality for 
amethysts, forms of chalcedony, opal, and silicifled wood. We were 
fortunate in finding some notably fine specimens of amethysts and yel- 
low crystals of quartz. The containing-rock is the igneous cangloiner- 
ate, before mentioned. Li it, at this locality, are a good many silicified 
trees, the hollows of which are frequently lined, in short sections, with 
varieties of quartz in very beautiful and perfei'tly-preserved crystal 
forms; rock-crystal, yellow, blue, amethyst, and opal, and many kinds 
of chalcedony. The amethysts seem to predominate. In the i)rocess 
of silicification these trees generally become divided into short sections 
by cleavage planes at right angles to their length. It is these sections 
that are occasionally hollow and lined with crystals, the adjacent sec- 
tions being plain, unpretentious petrified wood. Much of the latter is 
perfectly black, as though it had been carbonized by heat before the fos- 
silizing material came in. 

Ijoaded with specimens and ver^' tired, I reached camp a little after 
dark. Camp had been this day moved three miles across the river, 
to meet the train from Fort Ellis. Mr. John Barronett has built here a 
very substantial bridge across the YelloW&tone River for the use ot 
miners visiting the head at East Fork. It is only suitable now for pack- 
animals. 

Monday^ August IS. — Pack-train in charge of Lieutenant Young ar- 
rived at 3 p. m. from Fort Ellis, with twenty days' supplies for the 
escort and twenty days' supplies for my working party. 

Tuesday^ August 19. — Moved camp seventeen miles, across the Ele- 
pbaut's-back Mountains to Yellowstone Falls. The trail proved very 
bad ] many animals fell down hill, and there was considerable bad bog. 
The train was pretty badly used up, and two mnles were lost ; all this, 
too, after leaving half the c^rgo at the old camp to be sent back for. 
The odometer is again in use. having been repaired at Fort Ellis. 
Camped on Cascade Creek. Along the trail the country is pretty open 
north of the mountains, with excellent grass, ])lenty of water, and 
groves of trees. Across the divide the forest is quite thick, with small 
openings of meadow. There are three trails across the divide, and we 
nnfortunately took the worst one. I made the ascent of Mount Wash 
bunie with a topographical party. N 

Wednesday^ Au{fnst 20. — Sent back to the old camp for the cargo left 
behind yesterday. The lost mules were found. Lieutenant Kingsbury 

H. Ex- 285 3 
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with tbo escort arrived at 2 p. m. from Fort Ellis; they had staid 
behind to get their horses shod. Captain Noyes had heeu taken sick 
and could not join us. He proposes to meet us at Gamp Brown. 

Thursdai/, August 21. — We remained in camp, shoeing the animals and 
resting; them. Itain fell during the whole day. Sent to the eache for the 
remainder of the cargo left there. ' 

Friday^ Avgu8t22. — In camp; mined all day. 

Saturday, Augustus. — Moved camp thirteen miles to the Hot Springs, 
on Wann Spring Creek, where itemerges from the timbered hills. The 
Indians were in camp on this stream waiting for us. Our party, with 
the exception of Captain Noyes, was now altogether again. The coun- 
try along this creek, for about eight miles from Yellowstone River, is an 
open, rolling prairie, extensively borrowed by moles and field-mice. 
About the springs the water of the creek and its tributaries is either 
hot 01- aour, frequently both. We found good water, after a little search, 
in a marsh above the springs, on the South Fork. 

Sunday, August 24. — Marched 13.3 mites across the divide between the 
Yellowstone and the Madison, to the Lower Geyser Basin, on Fire-Hole 
Itiver; met two parties of sight-seers from Montana. The trail passes 
by a small lake, very near the auminit, and down a sharp but short hill, 
on the west side of tlie divide, and soon strikes the waters of the Mad- 
ison. The size of this stream has been exaggerated ; it is from two to 
three feet deep. A dejith of 10 feet, as reported, would overflow its 
ibanks and the whole valley. Along this stream there is a good deal of 
marsh, meadow and many groves of timber. Good water can be easily 
found in the Geyser Basin by hunting for it. 

Aionday, August 2^. — Marched ten miles to the Upper Geyser Basin. 
The trail fi-om the Iiower to the Upi)er Geyser Basins is very bad from 
:marsh ; with a little trouble it could be carried along the hillside through 
the timber and made very good. Blre-Hole Kiver is the principal Ea«t 
Fork of the Madison. Its waters in the Geyser region are generally 
quite warm, sometimes hot ; just above Old Faithful, in the Upper 
£asin, it becomes cool and potable again. 

The boiling water from the silica springs was used for cooking and 
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wholly unaccustomed to travel amon^ forests like these, where all land- 
marks disappear. It^ will, therefore, be necessary to make a trail — no 
pleasant prospect in such a country, where one has so many people and 
animals dragging along after, to multiply the consequences of getting 
canght out in the dense forest without any camping place. An indi- 
vidual or an animal might easily stray a short distance from the trail 
and get lost, if there was any halting or confusion, and to get lost in 
this dense forest, where the hills are so rounded that nothing can be 
seen from their tops, would be a terribly serious matter. 

Tuesday^ August 26. — Taking a picked party of Indians, the guide 
Smith, and the escort as pioneers to blaze and clear the trail, I started 
out early in the morning, with the intention of making a trail to Yellow- 
stone Lake, if the old one could not be found. The train was to wait 
until 10 o'clock before starting. After a short and fniitless search I took 
out a compass, and giving the Indians the direction, told them to go that 
way all the time, and pick out the best way. This they did with great 
skill, but as our route lay directly across the water-drainage, the hills 
were frequent, and the trail pretty rough. 

At) Indian seems to have an instinct which enables hiiri to pick out 
the best country to travel over, and to avoid natural obstacles. 

Four p. m. found the advance party at the lake, at the spot we had sot 
out for, but it was perfectly certain that the train would have to stop on 
the way. Fortunately there were suitable camping-places along the 
trail. With empty stomachs, and saddle-blanket lodgings, we made a 
large fire, and spent a remarkably long night in vain efforts at sleep. 

Wednesdnyj August 27.— The minimum thermometer last night regis- 
teit»d 130 F., the greatest cold we have yet experienced. At 8 a. m. an 
orderly- arrived with a message from Lieutenant Hall, commanding the 
escort, informing me that the mules of the train were so badly used up 
that it could not move to-day. Much of the cargo had been thrown 
off along the trail, and one loaded mule was lost. Later in the morning 
Lieutenant Hall himself arrived and further informed me of the state of 
affairs. The odometer-cart had worn out completely and was abandoned. 
The packers had gone back on the trail to gather up the cargo and find 
the lost mule. Sending all back to camp except the Indians, my orderly, 
and the guide, I remained to look up the trail ahead. 

By noon, having gone without food since morning of the day before, 
the pangs of hunger overcame a violent prejudice and I ate some fish 
from the lake worms and all. The Indians have been eating these 
wormy fish all along and I doubt whether there is anything injui'ious 
about them. I might have obtained something to eat from them, but 
there is a feeling in the average white man's breast which prevents him 
from asking such a favor from an Indian. It is very unreasonable, but 
it is there. The Indian, on the other hand, asks favors from the white 
man, feeling within himself that all that the white man has belongs to him, 
and he is therefore only getting back his own. He never returns thanks 
for snch favors'. 

The principal diflBculty on the trail yesterday was that it was not suf- 
ficiently cleared to allow the pack-mules to get through without getting 
frequently stuck between trees — a mishap in which a mule will waste 
strength enough to carry him and his pack several miles. 

I have often been struck with the philosophical way that a packer 
proceeds from the grass that a mule eats to the work that it will do. 
In his. eyes so much- grass represents so much mule- work, and no grass 
represents pretty nearly no work, while it is true that very little work 
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can be expected of a train of pack-males that bare not eaten pretty 
ueorly tbeir fill of grass or soioetbiug else before stardog. 

Tlinrsdag, Avgiitt 2S. — Tbe train came in daring tbe morning and 
went into ciiinp at tbe Hot Springs on tbe lake tbree miles ahead. The 
trnil WiiB good, but somewhat obstructed witb timber along tbe shore 
of the lake. There is a first-rate trail along tbe west i>i(Ie of tbe lake, 
ov<'r u'bicb I would bare sent the greater part of the exi>edition bad 
I known of its existence, thus aroiding tbe Fire-Hole Basin, and oar 
trials ill getting away from it. It wonid hare been perfectly easy to 
get a small party from that basin to the lake- 

Aloug the west Khore of the lake are numerous small streams with 
meadows and marsh. 

Tbe lost nude, with a cargo of flour, beans, and coffee, was not found 
yesterday, altbougb tbe search was carrieil back to our camp in tbe 
Fire-Uole Basiu. Word was left with some gentlemen risiting the 
geysers, who were coming across on our trail, to take this mule back to 
Foi't Ellis in case it should find its way back to tbe trail before they 
ciimc along. Our rations were too short to permit any more time to be 
spent in searcb and it was therefore abandoned.* 

The flour belonged to tbe escort and is a serere loss, necessitating 
half rations of bread fur them during tbe remainder of tbe trip. 

At night tbe Indians in camp up the valley had a scalp-dance orer 
two Sioux scalps that had been giren by the Crows to two of the In- 
dians with Captain Koycs's party going to Port Etiis, who had 
risited the Crow agency. They invited everybody to join, which 
invitation was eagerly accepted by the young men of my party, the 
guides, packers, and soldiers. Tliis dance gires every one a chance to 
sing and yell with all bis might, and they literally made tbe welkin 
howl. There was considerable lung-power in action. The waves of 
(tniind were echoed back and forth from tbe woods and hills on either 
side of the narrow grassy valley, and cante billowing to tbe lake witb a 
tremendous ell'ect, which vns heightened by the lurid glare from tbe 
nnmerous camp-fires standing out in tbe darkness against the ma^s of 
black forest behind. The TV'est Pointers in the party called it "Our 
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behind 1 had made great haste so as to reach the summit before the 
others were ready to corae down. 

Moant Sheridan isahip:h mountain mass, rising alone from the rapidly 
sloping hills of the Snake River drAinage, just south of the Yellowstone 
divide. All the rocks seen were igneons, sometimes stained and decom- 
I>osed from hot-spring action. Springs and feeble geysers being still in 
action, along the streams from its north and east slopes. 

To the east and southeast is a ridge of high timbered hills, which 
sweeps around to the northward and terminates in Promontory Point 
at the south end of the lake. To the south, as far as the Wind Eiver 
range, about sixty miles distant, the country is a mass of high timbered 
ridges, formed by the erosion of the waters of Snake River, all rapidly 
sloping down to the eastern base of the Tetons, which lie south 10^ 
west, about forty miles distant. 

Westward, and from the Tetons, there are no mountains, only low, 
rounded, heavily-timbered hills, as far as the eye can reach. To the 
northwest commence the high ridges of bald mountains which lie be- 
tween the different tributaries of the Gallatin and Madison Rivers. 
Between Mount Sheridan and the lake, the divide between the Snake 
and Yellowstone waters — the Continental Divide — is certainly not more 
than 300 feet above the lake, and in many places runs within a mile ot 
the latter. It is a broad, comparatively low, gently rounded stretch of 
country, so flat on top that the opposite shedding waters are frequently 
interlocked. It is dotted with lakes, some quite large, and carries a 
good deal of marsh and strips of meadow along the streams. All of 
the lakes in sight, except one, drain into the Snake River. 

The divide between the waters of the Madison and the Yellowstone, 
above the falls, is a stretch of smooth hills, rising but little above the 
Yellowstone Basin, and having steep, rocky slopes only in few places. 
All of the country in the basin about Yellowstone Lake and extending 
far to the westward is very densely timbered, with only small openings 
along the streams and about the marshes. 

There is a great deal of fallen timber, such as to sometimes com- 
pletely obstruct progress, but I have observed that the most and the 
worst of it lies in the immediate neighborhood of water, either in lake, 
stream, or marsh, and can be very largely avoided by traveling high up 
on the hills and ridges. Along the shores of Yellowstone Lake a great 
deal of water is held in the numerous swamps which afford a constant 
supply to the multitude of small brooks feeding into the lake. There is, 
consequently, here an excessive quantity of fallen timber. 

The huge mass of the Sierra Shoshonee Mountains closes in and 
around to the northward of the basin, showing a comparatively low 
granite ridge running from the East Fork with a northerly trend down 
the right bank of the Yellowstone River. The highest portion of this 
mass seems to be that northeast from the basin, about the headwaters 
of Clark's Fork and the Rosebud. Northward from there it soon runs 
out and makes way for the valley of the Lower Yellowstone River. Its 
structure seems ta be buried beneath the most extensive outi>ouring of 
lava and volcanic matter yet observed on the globe. Along its eastern 
base we gained onl}' an inkling of its structure from the dip of the 
upper-lying rocks. Probably the key lies in the country on the Muscle- 
Shell River, to the northward. It is probable that the southern portion 
of this volcanic overflow at one time overlaid the northeastern slopes of 
the Wind River range, and that the erosion of the drift period has cut a 
channel through on this flank, forming the Wind River Valley and leav- 
ing the extensive deposits of volcanic dibris in the valley as well as tre- 
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uieutloiis precipices of castellated basalt, tracbytes, conglomerates, and 
sandstooes tbat fringe and seemingly seal its head and northern border. 
I bad the topography of the country in sight from this station sketched 
with great care and reasonable precision. It is the best geodetic sta- 
tion in the region traversed. My topographical party has now inspected 
the Yellowstone Lake Basin from mountain -peaks favorably sitnated 
on its eastern, northern, and southern bonlers. 

. We commenced the desceDtatI2.3Up. m,, and as soon as possible took 
np the march for the main party. Their trail was struck at 5 p. ni., and 
followed nutil sundown, when we camped on the spot they had left iu 
the morning. 

The smoke was still rising from the smouldeiing fires aud.tbe ground 
still fresh on their departing trail. As I rotle up to the scene so lately 
rife witli the jest; the coarse shouts of laughter; the mnrmuringof many 
voices; the bogle's blast; the loud ivorils of command; the round- toned, 
cadenced shonts of the Indians; the shrill, clarionet-like cry of the 
scpinws; tbe crying of papooses; the barking of dogs; neighing of 
horses; braying of mules; tbe roaring and crackling of great camp- 
fires; and tlie occasional rifle or pistol shot at some misguided squirrel — 
it seemed utterly cheerless and desolate. What can appear more deso- 
late than a freshly-deserted camp f 

Huitdap, Aitgwtl 31. — We have now only twelve days' rations, and 
between us and Camp Brown is the "impassable barrier never scaled 
l>y white man or Indiuus." If it were not for the question of provisions 
1 would laugh at it, because we have nu outfit that can go almost any- 
where ; hut the question of time now assumes an unhappy importance, 
aud I begiu to feel nnich wonieil. 

Wo arose at daylight, cooked a hasty breakfast, aud started off at 
suurise, overtaking the main party at 9 a. m. on Yellowstone Lake, jnst 
lis they were preparing to start on the march. They had made one 
march of ten miles over a good trail, and the one of the day before of 
nine miles, which bad been beset with difficulties, owing to the attempt 
to follow the lake-shore too closely. There was no trail, but a gi'eat 
(leal of nmrsb and fallen timber. 
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country to the soath rises rapidly into hills of considerable magnitude, 
and the water drains off too rapidly to permit the formation of much 
marsh. 

Monday, September 1. — Broke camp and marched ten miles into the 
valley of the Upper Yellowstone River. The trail strikes the southeast 
arm of the lake, thence following up the valley of a small tributary 
of the lake whose course is parallel to the river to a point high up on 
the hills bordering the we^t side of the valley. The latter part is 
pretty bad from marsh and underbrush. Our camp was about ten miles 
from the mouth of the river. 

The valley about the mouth is very marshy, with numerous small 
ponds and sloughs. There is also a great deal of timber on tbe low 
grounds on the west side, but from its proximity to water there must be 
in it a great deal of fallen timber to impede progress. 

While the advance was quietly following a first-rate trail, it was sud- 
denly observed to lead up a high hill to our right. I sent an Indian to 
see what became of it up there, who came back with the information 
that it led to an open rocky place on top, and was after that ''kaywut," 
(played out.) It now appeared that the top of the hill was used as a 
stamping ground for elk, and they had made such a broad trail leading 
up to it as to completely deceive us. Sending back word to the train 
to go into camp, we started in search of our lost trail, which was soon 
found considerably lower down in the valley. 

We have now reached a country from which one of our Indians says 
he knows the way back to Camp Brown by the head of Wind Kiver. 
He belongs to a band of Shoshones called " Sheep-eaters," who have 
been forced to live for a number of years in the mountains away from 
the tribe. A heavy rain-storm set in about night-fall. 

Tuesday, September 2. — Broke camp a. m. and marched up the Yellow- 
stone liiver thirteen miles. The trail leaves the timber and goes into 
the open valley. This latter is probably quite marshy earlier in the 
season. It is also probable that the river is not fordable in the spring. 

The storm of last night burst out about noon with great violence and 
continued during the day and night. A good deal of snow fell in the 
monntains about 1,000 feet above us. 

We camped in the edge of a grove of pines with a dense fringe of 
fallen timber on its border. It was a cold, wet camp in the border of 
the timber, and considerably mixed withal. As it was raining hard when 
we reached it, everybody dropped into the first place that presented 
itself ; the fallen timber monopolized nearly all of the ground, so that 
there was little choice ; the result was, that Indians, soldiers, citizens, 
and officers were all camped together in the direst confusion, on a small 
spot that it seemed pbssible almost to cover with a blanket. 

All through this basin game-tracks have been very abundant, but 
our party from its size makes a good deal of noise, which will account 
for the fact that we did not see a great deal. A magnificent elk crossed 
the valley in advance of us, and in plain sight to-day. He was a royal 
fellow, indeed, and seemed to resent our intrusion upon his chosen rut- 
ting-ground. The party was too much drenched and too cold from the 
driving rain to make any attempt to get him ; the first instance of the 
escape of anything (except bear) that came in sight of it. The trail 
was very good except the last mile, which was quite marshy. 

Wedihesday, September 3. — ^The storm continued. Broke camp 8 a. m. 
and marched thirteen miles. Tiie trail soon leaves the main stream and 
follows up a small tributary that comes in from a little west of south, 
crossing a low divide to a tributary of the Snake. 
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At tills divide occura a corioas pheDomeDon, probably the ooe re- 
ferr^ to by tlie early trapi»er8 as the " Two Ocean Paas." 

Mareliitig at the head of thtt coUimii where the tniii approached 
the summit, I noticed that the ribantl of meadow iu which tbe stream 
lay we had been following suddenly dropped away in front of 
113 with a contrary slope. I conld still see Mie stream thread- 
ing it, and forii moment could scarcely believe my eyes. It seemed 
as if the stream was running up over this divide aiitl down into 
the Yellowstone behind us. A hasty examination in the face of 
the diiving storm revealed a phenomenon less startling perhaps, 
bnt still of remarkable interest. A small stream coming down from 
the inonutoins to our left I found separating its waters in the 
meadow where we stood, sending one portion into tbe stream ahead 
of us, and the other into the one behind na — tbe one following its des- 
tiny through the Suake and Columbia Rivers biick to its homo in the 
Padfc; tbe other, thronghthe Yellowstone and Missouri, seeking the 
foreign water of the Atlantic by one of the longest voyages known to 
niDtiing water. On the Snake River side of tbe divide the stream be- 
eomi^s comparatively large at once, being fed by many springs, and a 
great deal of marsb. 

While the small advance party were approaching camp two of our 
Indians discovering three elk close by gave us an illustration of skillful 
huutiiig by crawling up and killing tbe three with four rifle-sbota. They 
were extremely large and fat. As examples of Indian generosity to 
wbite men are becoming rare, I wish to put on record this one where 
one of them made me a present of the whole carcass of one of these elk. 
Being hungry enough to cat it all myself, after tbe long march in the cold 
rain, I bad a vivid appreciation of tbe gift. 

Tbe trnil was good, passing around a beautiful lake in the Yellow- 
stone Yjilley, which is probably tbe Bridger Lake of the old maps. 

The valley of tbe Up|ier Yellowstone is quite Hat, and lies between 
grand and rugged walls of bare, broad mountains of volcanic ejeclavieata. 
It Is from one to three miles wide, and interspersed with broad meadows, 
and groves of pine and spruce. Tbe amount of water that it receives 
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We marched fourteen miles across the high rolling ontliers of the 
Sierra Shoshonee, with the mountains close on our left, and camx^ed ou 
another tributary of Snake River. 

The hills between the valleys are quite large but considerably worn, 
so as to present accessible slopes. The dense timber which has caused 
lis so much trouble and labor is rapidly thinning out so that the trail 
can be picked out mostly clear of it. Magnificent slopes of grass and 
luxuriant flowers are becoming numerous. 

In getting through the timber and over the terrible trails that we 
have 8een so much of, it hns been my custom to start first on the march 
with a small party, consisting of the guides, a few of the best Indians, 
and two soldiers with hatcbet^j to blazeour trail. Immediately after comes 
a pioneer-party from the escort with axes and shovels to clear the trail 
that has been blazed; cutting away trees and fallen timber; cutting 
down steep banks, filling bogs with brush, and making a passable way 
for the crowd of animals and pack-mules that were to start two or three 
hours later. How necessary it was to keep the clearing party well ahead 
of the train will appear when it is known that the pack-train could not 
8top in the dense forest without great danger of losing some of the 
animals, as it would be impossible to keep them on the trail; and, once 
off of it, there was little hope of finding them. 

Out he march, a train of pack-mules travels as a unit, — as though each 
mule were connected with the one in front, — but let a halt be called, and 
each one becomes a free and independent creature to hunt for grass, or 
the bell-mare, at will. 

Just before reaching camp, two of the Indians and one of the white 
glides killed three hears after a lively skirmish. There are wood, water, 
and grass all along the trail, which is excellent. 

Friday^ September 5. — The Indian difficulty came up early. The fellow 
after being told to get ready in time to start with us, went off up the 
stream to trap for beaver, it was evidently time to deal with him. Call- 
ing the one who acted as interpreter, and several of the most prominent 
Indians about me, I endeavored to make them understand that this fellow 
was not doing as he had agreed to with me ; that we had to travel back to 
Camp Brown as fast as we possibly could or else our rations would give 
oat, and there was not game enough in the country to feed such a big 
crowd ; that I could go back without his assistance, only it would take 
longer to find the way, and we might get very hungry before we 
got back to Camp Brown ; that I had sooner do that than have any more 
nonsense from him, and that he either must do as he had promised, or I 
would have him tied up and carried back to Gamp Brown and put in 
the white man^s jail there. I then sent out two Indian Tunners to follow 
op his trail, find him as soon as possible, and tell him that he must 
come in as fast as he could — well knowing that they would tell him all 
that I had said. To my utter relief, in aboiit half an hour they were 
discovered away up the valley returning with him, and driving their 
horses at desperate speed ; without a word he took his place in advance 
of the column, and soon appeared perfectly cheerful and contented. Still 
I had a fear that he might in resentment lead us out of the way, and 
watched him with much apprehension. The few days following proved 
my fears groundless. He as well as the others were overawed, and said 
that " the captain'' was " heap mad." The only misunderstanding that 
arose from my talk to them was an impression that I was going to put 
him and a tew of his intimate friends in jail ui^on our return. We did 
get into » great deal of trouble on this day's march, but no one worked 
harder than he to help us out of it. 

We broke camp at 8 a. m., and after a march of nine miles the tarail 
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]«d across a large deDsely-timbered liill. About half way op it the fallen 
timber lay so thickly across the trail that it soon appeared to be a hercu- 
lean task to get throufrli it. Everybody took hold, officers, men, guides, 
ami, to the astoiiisbuieut of all, eveu the Indians who ivere with 
the advance, but before we had any hope of getting throngh, the tniin 
came np with us, making it unnecessary to go into camp. 

Sending back word to it to camp before attacking the liill, I sent 
out the Indiana and guides to look up a better place for crossing, and 
in the mean time scrambled ahead on foot over this trail far enough to 
Bee tliat it would take at least a day to clear away the fallen timber so 
as to make it practicable. 

Toward night the Indians returned, having been successful in finding 
a way across. They pointed it out to me, and I nm free to confess it 
seemed about as feasible as to lead the train over a squirrel trail up a . 
tree. It boldly attacked the bill by way of numerous openings at its 
steepest part. 

The trail to camp was good, with wood, water, and grass abundant 
The vegetation is luxuriant. 

All of the Snake Biver drainage above the Tetons concentrates in a 
low-lyiug tract along their eastern base, called Jackson's Hole. For 
this reason I have called this partial water-shed the Teton Basin. 

Viewed from the east, the Tetons rise from a low elevation, and, being 
projected against a low couutry, their a])pearance is truly majestic. 
From their asi>ect at this distance, I should judge their structure iu 
altitude to be the same as that at the Wasliakee Needles, i.e., lamellar 
granite, forming numerous aciculnr piimacles. 

Satayddy, September G. — Broke camp at 7 a. m., and making a trail over 
the tremendouiJy-Hteep bill by continual zigzags, up which it took 
the train one hour and a half to climb, we marched ten miles over a 
very good trail, and camped close by the pass to Wind Biver. 

I rode ahead into the pass with the Indian guide, who pointed to me 
Wind liiver Valley displayed at our feet in its full length, with evident 
pride and satisfaction. Dismounting, I climbed the high mountain south 
of the pass witli mucli difTiculty, and had a vi.nv that seeineJ to ii 
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bat certainly, among the "thousand peaks worthy of a name'' which he 
describes, along the western face of the Sierra Shoshone, some one 
might have been selected which would have gone down to posterity 
with a clearer title. 

The Teton Basin is notable for the abundance of its streams, the lux- 
uriance of its vegetation, and the happy distribution of immense areas 
of low-lying timber-land among a liberal display of grassy slopes and 
valleys. 

Togwotee Pass lies between the head of Wind Biver and a small 
tributary of Snake River. It has an altitude of 9,021 feet above the sea, 
but, notwithstanding this altitude, the approaches to it are quite easy. 
A railroad could be carried over it without extraordinary expense. Just 
south of it is the last peak of the Sierra Shoshonee in this direction. It 
is composed of horizontal layers of volcanic ejectamenta, (sand, sand- 
stone, and conglomerate,) and rises to an elevation of 10,625 feet above 
the sea. 

/Sunday, September 7. — We crossed the divide and camped on Wind 
River, after a march of fifteen miles. The trail is good, except about 
two miles of fallen timber on the Wind River side. After this there is 
no more timber in the Wind River Vidley, except the cottonwood along 
the streams. Grass occurs in meadows along the streams and sparsely 
over the rolling hills, on either side. 

A marked change of climate is noticeable immediately upon entering 
Wind River Valley. It is considerably warmer, both by day and night, 
and the relative humidity is very much less. The effect of this is notice- 
able in the comparative scarcity of springs, streams, and marshes, in 
the dry and dusty character of the soil, in the sun-cured grasses, and in 
the gray and sun-dried appearance of the face of the country so peculiar 
to the rainless region of the Rocky Mountains. In the Teton and Upper 
Yellowstone Basin the grasses look fresh and green; there are number- 
less marshes, springs, and small streams, and the black soil does not 
fly into a cloud of dust at first touch. Indeed, our whole train rarely 
broke the soil enough to raise the dust. These considerations, taken in 
connection with the weather observations made on the trip, lead me to 
infer that we maj' find in these basins a region of equable precipitation 
of rain — a phenomenon of rare occurrence in the great Rocky Mountain 
plateau. 1 think it quite probable that here the soil can be cultivated 
without irrigation ; and it may be as well to remark just here that the soil 
of this great plateau is generally quite rich, however unpromising it may 
appear at first sight; but in these basins, coming, as it does, from the 
decomposition of volcanic rocks, it is peculiarly fertile. 

Monday, September 8.— Broke camp at 10 a. m., and marched seventeen 
miles down Wind River. The trail is good and well marked, being the 
one used by the Indians in their trips to Snake River and Fort Bridger. 
There is good camping-ground almost anywhere in Wind River. The 
heat and dust are oppressive. 

Tuesday, September 9. — Sent a small party of Indians to Camp Brown 
to announce our return and obtain information regarding the presence 
of hostile Indians. Broke camp at 9.45 a. m. and marched twenty miles; 

Wednesday, September 10. — Lieutenant Hall and a small party started 
at 5 a. m. for Camp Brown, expecting to get in before night. Broke 
camp at 10 a. m., and marched twenty miles to a point about three miles 
above the mouth of Bull Lake Fork ; grass rather thin. 

Thursday, September 11. — Broke camp at 9.30 a. m., and crossed Wind 
River, moving on down to Lake Fork. After crossing the latter we 
struck across a very high plateau to Sage Creek, coming upon our out- 
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going trail niid camping near a former camp. Distance traveled, seven- 
teen miles ; grass and poor water ; no wood. 

Fridap, September 12. — Broke camp at 8.30 a. m., and marched eight 
and ono-lialf miles to Camp Brotvn. 

September 17, 18, and 19, — The expedition marched back to Camp 
Stambaugb, where it was disbanded. 

I take the greatest pleasure in according to Captain Koyes the credit 
that is due biin for having, by his skill and energy in assisliug us, con- 
tributed very largely to whatever of success that has attached to the 
expedition. Perhaps this will be better nnderstood when I state that a 
delay of three days at the Big Muddy and Ham's Fork, which might 
very easily have occurred, would have been followed by a delay of two 
weeks at Qreea River on account of the freshet. This delay would have 
bronght us into the Big Born Valley after the arrival there of a iiower- 
fnl war-party of Sioux, which, it is known, came in shortly after we went 
out, aud who certainly would have driven us back to Camp Brown, and, 
perhaps, made the exi)edition a failure. 

In conclusion, I may perhaps be piirdoned for referring to the opin- 
ions that previous explorers have held with regard to the character of 
the undertaking accomplished by this expedition. 

From the report for the year 1872 of N. P. Langford, superiutendeut 
of the Yellowstone National Park, I extract the following : 

Tbe pnrk is only accessible from Montana. It 1« tmposiiibU to enter it from Wyoming, 
> thsei ■ 



Attempia to scale tlio vast ridge of mouutains on the eastern and souther 
have been made bv several expeditionB across tbo continent, commencing with that of 
WilBOD O.Hnnt.tbe chief of Astor's overland eipedition In tbe ycsr 1811. As late 
as ISli3 tbe indomitable Captain Bonneville was thwarted in a similar effort, and, 
after devising various modea of escape from the mountain-labyrinth in wh:ch hu iros 
lost, dulormiued to make one more effort to ascend the ranee. Selecting one of the 
highest peaks, in company with one of his men, Washington Irving says: 

"After much toil ho reached the siioimit of a lofty cliff, bnt it was only to behold 
gigantic peaks rising all around, and towering far into tlie snowy regions of the atmos- 
phere. He soon found that be had nndertnltoo a tremendous taslc; bat the pride of 
man is never more obstinate than when climbing mountains. I'he ascent was so steep 
and ruf^ed that be aud his companion were frequently obliged to clamber on bands 
nml knees, with tbirir gnus slung upon their backs. I'Vequeutly exhaust e<1 with fiiliguc 
bhJ dripping wilb peinpiration, they threw Uieinsel"" -- -> . . i . . i. i ... . 
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CHAPTER II. 

PHYSICAL GEOGRAPHY. 

General description— Green River basin — North Platte basin — Wind-Big-Horn bsisin— • 

Yellowstone-Teton basin — Indian trails. 

The reg^ioii traversed by this expedition lies iu the western extremity 
of the Territory of Wyoming, including the whole extent of the Terri- 
tory from the southern to the northern boundary. It lies between N. lat- 
itade 41°, along the base of the Uintah Mountains, — a little south of 
the Union Pacific Eailroad, — and 45° at the north boundary of the Yel- 
lowstone National Park, and W. l<pnigitude 108o at the Big Horn Eiver, 
and 111° near the western boundary of Yellowstone Park, and the east- 
ern base of the Wahsatch Mountains. It forms a trapezoid, with the 
longest dimension running north and south, with an area of about 
41,925 square miles. Distance across, at the southern boundary, onehun- 
dred and fiftj-seven miles; at the northern boundary, one hundred and 
forty-seven miles; and length from south to north about two hundred 
and seventy-six miles. 

It is ii portion of the plateau from whose surface rise the numerous 
ridges which, taken together, form the Eocky Mountains. Between north 
latitude 41° and 46^, the general trend of these ridges changes from a 
northerly to a northwesterly direction, and in the obtuse angle thus 
formed the ridges themselves are so broken and scattered that the east- 
ern water-shed breaks quite through and takes a considerable portion of 
the drainage from the western slopes, while between them, and extend- 
ing as far west as the Wahsatch Mountains, in west longitude 111^ 30', 
the plateau itself is exposed, opening out into the great plains of the 
Missouri on the east, through the valley of the North Platte Eiver ; across 
the gap between the northern extremity of the Black Dills and the Big 
Horn Mountains; and on the north through the valley of the Big Horn 
River between the Sierra Shoshone and the Big Horn Mountiiins. The 
Black HillsofDakota form aremarkableoutlier nearly opposite theeastern 
opening and the point of the angle — lying between the two main forks of 
the Big Cheyenne Eiver, a tributary of the Missouri, in latitude 43<^ 
north and longitude 109o 30' west from Greenwich. 

HypsoDietrical observations enough have now been taken by the nu- 
merous parties that have traversed it, to show a fair approximation to 
the mean height of this plateau above the sea, but they are not availa- 
ble for my reference, as this writing is done at a place where the neces- 
sary means of reference upon scientific subjects are very scant indeed. 
Enough has come within my observation, however, to lead me to esti- 
mate it at about 0,500 feet. 

Its breadth from east to west along the parallel of 42^ north latitude 
is three hundred and nine miles, and its length along the meridian of 
108^ 30' is three hundred and forty-five miles. The area described is, as 
a rule, semi-barren and treeless, although the soil is quite rich and sup- 
ports a scrinty growth of extremely nutritious grass in connection with 
a few very hardy shrubs. 

The line of the Eccky Mountain divide, or water-parting, passes 
through this region. Tbis line, after traversing the country from 
Mexico iu a northerly direction between the meridians of 108^ and 108^ 
west longitude, is deflected from its course iu north latitude 40^ 30', 
where bending around the head of North Park it soon leaves the ridge 
of maximum elevation — in fact leaves the mountains altogether — and, 
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takiiij; a nortbiresl-by-northerly trend, follows a low line at an elpra- 
tion of about 7,500 feet across the pUt«aa just Oeseribed to tlie Wind 
Kiver range, making a sharp detour about tbe head of the Sweetwater 
Kiver, whicb here breaks tlirongh the low ridge and intrudes upon the 
PaciHu water-shed, giving a jMior excuse for the iiaine of South Pass; 
thence following the summit of the range to its northwestern extremity: 
thence by a tortuous course about the heads of the Wind, Snake, and 
Yellowstone Kivers in tbe Bierra Shoshone range, from wliich it shortly 
emerges into the Yellowstone Lake Basin; thence northwesterly, skirt- 
ing the southern border of Yellowstone Lake, at analtitade, in some places, 
of between two and three hundred feet above it, running — still a very 
tortuous line, — betwt^en Shoshone Ijake and the tJpiier Geyser Basin, on 
Fire-HoIeUivL'r,tx)thelowridge, with adeepSexure to the southeast, which 
surrounds the sources of the Three Forks of the Missouri : thence return- 
ing to tbe line of direction departed from it takes a north-northwesterly' 
course into the British Possessions. It will be seen that for the greater 
portion of this distance the continental divide is a comparatively low 
line, with iiigh mountain-ridges arranged on either side of it, on the 
opposite slopes of the great plateau. 

Including the portion of this divide between tbe parallels of U° and 
51° north latitude, we have the crown of the water-shed of the con- 
tinent, from wbicb the water ia shed literally in all directions, as from 
a poiut ; to tbe north through the Mackenzie River, to the Arctic Ocean ; 
to tbe east, through the Saskatchewan and Lake Winnipeg, to Hudson's 
Bay ; to the east and south, through the Missouri, Yellowstone, Wind, 
and Big Uorn, to tbe Atlantic Ocean; to the south, through the Oreen 
and Colorado, to the Gnlf of Oalil'ornia and the Pacific Ocean ; and to 
the west, through the Snake and Columbia, to the Pacific. 

The table-land of \Vyoming, previously described, forms, in the 
southern half, the most im[H>rtant pass through tbe Rocky Mountain 
chain. It is a belt about one hundred and forty miles broad, from north 
to south, and is traversed by roads along its northern and southeru 
borders and through the middle, the bitter being tbe Hue of the Union 
Pacific Railroad. 
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range near Union Peak, in latitude 43^ 25', longitude 108° 50', running 
in a westerly direction to Snake River. The highest elevation is Mount 
Leidy, near the western extremity. Kear their junction with the main 
range the altitude becomes quite low, iormiug one of the passes through 
which the Shoshonee (Snake) Indians reach the head of Green liiver. 
The Wind River Mountains rise from the continental divide, in latitude 
42° 30', longitude lOS^ 48', at Camp Stambaugh, and run, with a north- 
northwesterly trend, at an elevation of about 13,000 feet, to latitude 40^ 
37', longitude 109^55'. The culmiuatiug points are: (1) Union Peak, 
near the northwestern extremity, with an estimated altitude of 14,000 
feet ; and (2) Fremont's Peak, near the southeastern extremity, wiiose 
altitude is 13,750 feet. This range is one of the principal elevations in 
the Kocky Mountains. It is a huge ridge, with the sedimentary rocks 
sweeping up in long, broken slopes to a broad belt of crystalline schists 
at the summit. This belt is estimated to be about eight miles broad, 
and is very much cut up by fissures. Numerous veins of quartz occur 
in it. The Sweetwater mines are found in these rocks, on the south- 
western extremity of the ridge. 

Along the northern slope deep monoclinal valleys occur, from which 
the waters escape to the plains below through short, but very sharp 
and deep, canons. Only a few of these openings occur, and between 
them the long, smooth slopes have suffered comparatively little from 
erosion, and are probably seen now in something like the original shape. 
The principal valleys are longitudinal, and not transverse, as is usually 
the case. Considerable timber occurs, but it is in the valleys above the 
lower ridges. 

There is a pass across to the head of Green River, near Union Peak, 
and another across to the Gros Ventres Fork of Snake liiver. Animals' 
have been ridden across from the head of Green River to Camp Brown, 
but it is probably quite a difficult task. 

The continental divide is simply the line of superior elevation of 
the plateau itself. Its altitude is about 7,500 feet ; but little above the 
surrounding country. South Pass is where the Sweetwater breaks 
through, and does not deserve the name of pass at all. 

The VVahsatch range in J^orthern Utah has a trend that bears a little 
west from north ; toward the southern extremity the direction of the 
range seems to bear off considerably to the west, but 1 surmise from 
a hasty personal examination that this is caused by a number of the 
parallel ridges, so characteristic in Utah, lapping over each other thus: 
^ The range comiirises a series of three or more parallel 

/' ridges, which terminate in about latitude 4^3^^, although 
it is probable that the Tetous, much farther north, 
really belong to it. Its southern limithasnotbeen very 
well defined yet, but it will not be far wrong to place it 
in latitude 37°. In Northern Utah the peaks are gen- 
erally from 10,000 to 12,000 feet high, the latter limit 
being reached in the Twin Peaks, a little southeast 
from Salt Lake City. The range is not more than fairly 
timbered. 

Thg Uintahs are considered a spur from the Wahsa^ch, but it is more 
probable that they are one of the transverse ridges of the Rocky Mount- 
ain chain. Their elevation is considerably greater than the Wahsatch. 
They leave the latter in the vicinity of latitude 40° 30', thence trending 
northwesterly by a curved line, which turns a little to the south before 
reaching Green River, where it practically terminates. The extreme ele- 
vatioB is attained in the vicinity of Gilbert's Peak, where Mount Hodges 
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and Ikloiint Toh-kwnna liave an e]eratioD of about 13,500 feet. Gil- 
bert';i Peak is 13,250 feet. The range forms ao immense ridge, with uii 
almost level but badly -broken-np ridge on top, having a width uF from 
tweiity-tive to thirty miles, and an altitude of about 6,000 feetnbove 
the table-laud on the north, and about 7,000 feet above the similar table- 
land oil the south. 

The valleys are" numerous, deep, and narrow, except at the head, and 
extend quite np to the summit. Between them, on the north, (ire the 
transverse and generally unbroken ridges, by means of which the snm- 
mit can be reached by a gradual ascent. On the south these ridges are 
badly broken toward the surainit. Ranged on either side of the summit- 
line are enormous basins of erosion at the head of the valleys. They 
have a direction considerably oblique to that of the prevailing winds, 
and in consequence the amount of snow that drifts in during the winter 
must be enormous. At such an altitude this snow melts comparatively 
slowly and furnishes an almost continuous supply of water to the very 
numerous moun tain-streams, much of which is first caught in the multi- 
tude of small lakes that are sprinkled around the border of the basins. 
On the north slope there is a good deal of rnarsh in these basins, but ou 
the south the water, having to make about 1,000 feet more descent in 
reaching the plains, runs off much more rapidly, and leaves but little 
n>arsh. This circumstance, combined with the greater heat of the 
southern expOKure, makes many of the smaller streams rnu dry eiuly in 
the season. 

The opposite valleys frequently start from about the same point and 
have between their sources only a thin precipitous wnll, which erosion 
is slowly removing. Gilbert's Pass, at an elevation of 11,000 feet, is such 
a point. Here tbe wall has been suflicieutly worn away to admit of the 
construction of a road across it. There are probably few such places at 
present. The broad belt or strip along the summit is broken and eroded 
enormously; ridges of high peaks extend acixjss it betweeu the valleys, 
and many narrow precipitous cnfious occur, both along the valleys and 
transversely to them. The sides of these ridges are generally massesof 
lirukfu nu-k. The country along the base of llic mountains, Imil] . 
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being very rare indeed. Some very fine springs occur near Soath Pass,- 
at Pacific Springs. . 

The valleys of the streams are narrow, with meadow and pasturage 
near the mountains, but toward the interior the vegetation is rather 
sparse. No trees grow except a few cotton woods along the streams^ 
and away from the mountains even these iire rare. The region is in- 
fested with great swarms of grasshoppers. In and near the mountains 
the valleys are fertile, .well watered, and, together with the lower slopes, 
fartiisU an extensive and abundant pasturage. Some rain falls, but 
lirobably not sufficient for cultivation of the soil without irrigation. 

AH of the hardy cereals and vegetables can be successfully cultivated 
both in the mountains and on the plains. 

In the mountains extensive forests of coniferous trees occur, but as the 
streams are generally not large enough to float logs, they are, or rather 
will be, for some time inaccessible. 

The rivers are Green Kiver and its tributaries. Green River rises in 
the southwestern slopes of the Wind Kiver Mountains and southern 
slopes of. the Wyoming Mountains. Its course through the basin is 
generally southerly until it strikes the base of the Uintah Mountains, 
wliere its course is deflected to. the left in seeking for a passage through 
them in longitude 108° 53'. It receives numerous tributaries from the 
outliers of the Wahsatch on the right, and, with the exception of Bear 
River, the whole drainage from the north slopes of the Uintahs, and a 
few on the left from the continental divide. 

Of those on the right the principal ones are: (1) Black's Fork, which 
drains the angle between the Wahsatch and the Uintahs; and (2) Uen- 
ry's Fork, which drains the middle slopes of the Uintahs. On the left 
we have: (1) The Big Sandy with its tributat*ies draining the southern 
slopes of the Wind River range and a short portion ot the coniinental 
divide; (2) Bitter Creek, which rises in the continental divide and trav- 
erses a country where the soil generally carries a considerable quantity 
of alkaline salts, giviijg their character to the few streams that flow 
through it ; and (3) the Little Snake River, which drains that portion of 
tUe continental divide which lies south of the Union Pacific Railroad. 

5PIIE KORtll PLATTE BASIN. 

This region is bounded on the south and west by the continental 
divide and the southeiist extremity of the Wind River range; on the 
north by the low divide that separates the Sweetwater and North Platte 
Rivers from the Wind and Powder Rivers j On the east by the Black 
Hilts. Its gi'eatest ditnensions are 2()4 miles along the parallel of 42^ 
SCK, and 173 miles along the meridian of lOGo 30'. 

The Black Hills form tbe continuation of the easternmost ridge of 
the Rocky Mountains beyond the point where the line of general direc- 
tion of the range is deflected to the northwest. Their northern limit is 
near Laramie l*eak, in latitude 42^ lO' and longitude 1050 25'; from 
this i>oint their direction ife almost due south to latitude 41^, where tiie 
Cache-la- Poudre, a tributary of the South Platte, breaks through the 
ridge. The general altitude is between 8,000 an«l 9,000 feet. It is a 
low range with gently rounded slopes, and a ridge of granite crags 
along tlie summit, culminating in Laramie Peak, one of the noted land- 
marks of the We«t. The western sloiies, running down into a table- 
land whose elevation is about 7,000 feet, are much shorter than the 
eastern^ which leave the plains at an altitude of 6,000 feet — 1,000 leet 
lowct. The axis line lies qnite close to their western border. But little 
water is drained from tlieir western slopes, while the eastern is quite 
H. Ex. 285 4 
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well watered, I'urni^btDg: many flue valleys Btisceptible of cultivation. 
There is good grazing all over tlie r-aiige. Timber occurs, but some- 
what sparsely. Tlie ridge is crossed by uumerous roads. 

The Medicine Bow Mountains are the continuation of another ridge 
of the Rocky Mountain chain in (Colorado, which ext«ndf) as an isolated 
ridge into the basin of tlie North Platte, between the Itlack Hills and 
the continental divide. This high range has its northern limit near Elk 
Mouubiin, in latitude 41° 40', longitude 100° 3fy. From this point the 
i-ange has a southeasterly trend to its southern extremity, which is im- 
l>erl'eetly known, and indeed bnt little is known of the range itself. 

The basin has very nearly the same surface character iatics as the 
Green liiver Basin. Whether the ancient lake that once occnpietl the 
latter extended across the divide into this, to cut it np into terraces 
during its snbsidence, is still an unsettled question. This much is cer- 
tain, tliat the country is smoother and not characterized by terraces to 
anytliing like the extent of the former. 

The Laramie plains is a bight of land extending in a southerly dire«> 
tion between the Black Jlills and the Medicine Bow Mountains. This is 
the most favored spot in the whole plateau ; the surface of the country is 
rolling, and thinly covered with grass, white the valleys of the streams 
through it afford excellent pasturage. Irrigation is necessary in the 
cnltivation of the soil. Quite a noticeable feature of the whole plateau 
is that gnizing is possible during the whole year; and although bat 
little rain tails, yet the gi-asses Itecome sun-cured, and are always very 
nntritions. The North Platte Kiver rises in Sorth Park, an elevated 
valley of the Jiocky Mountaius, in latitude 40=> 'Si,', longitude 106°, and 
flows in a northwesterly direction, carrying the drainage of the Medi- 
cine Bow range and the continental divide, to latitude 41° 30', where 
it bends to the north — passing the Union Pacific Railroad at Fort 
Steele, as far as latitude i'2° 20', when it enters a deep canon of incon- 
siderable length, and, sweeping around in a semicircle to the east and 
south, marks out, perhaps, the northera limit of the easternmost ridges 
of the Rooky Mountain chain. 

'■ right its principal triliutaries are: (1) Medicine Bow River, 




RECONNAISSANCE OF NORTHWESTERN WYOMING. 51 

THE WIND-BIGHORN BASIN. 

This basin opens into the basin of the Lower Yellowstone on the 
north ; has the Big Horn Mountain on the east, the low divide between 
the Sweetwater and the Wind-Big Horn on the south, and the Sierra 
Shoshone and Wind River ranges on the west. Its longest dimen- 
sions are one hundred and seventy-five miles along the meridian of 108^ 
30^ and one hundred and twenty-six miles along the parallel of 43° 30'. 

Of the Big Horn range but little that is reliable is known. The 
probability is that the axis is a curv^ed line. Commencing very low, 
about in latitude 43^, longitude 107^ 30', the line of direction runs 
northeasterly as far as Cloud Peak, the summit of the range in latitude 
44^ 23', longitude 107^, and thence north west<^rly to the Big Horn Kiver 
in latitude 45^ 10', longitude 108^ 7'. The culmination seems to be a 
cluster of peaks. To the north of these the range sinks to a low eleva- 
tion, where the summit has something of the character of a plateau, and 
to the south also the elevation seems to be quite low. The streams that 
flow from their eastern slopes are very numerous and water a fine 
country along their base, while from the western slopes scarcely a 
stream flows that is worthy of the name, and the bordering country' is a 
barren waste. 

The Sierra Shoshonee range sends off a light spur, half- way across 
the basin, in the Owl Creek Mountains, whose line of direction is about 
south 27^ east from latitude 43^ 40', longitude 101)o 10', from whence 
they run with an average elevation of about 8,250 feet as far as the Big 
Horn River, attaining a maximum elevation of 9,136 feet in Phlox 
Mountain. The foot-hills on the south are much more rngged than the 
mountains themselves, showing many sharp ridges where the rocks are 
tilted vertically, apparently in two directions, one parallel to the range 
and the other making an approach to a right angle with it. Above these, 
and on the north, the slopes are smoothly rounded and support a fine 
growth of grass and sparse groves of aspen, hemlock, spruce, and pine. 
The summit is formed by ledges of the sedimentary rocks, arranged, in 
a measure, alternately along the opposite sides of the axis-line. 

The amount of water that is shed from the south slopes is extremely 
small, while the north slopes are comparatively well watered. A strange 
freak occurs at the western extremity of the range, where Owl Creek, 
after taking its rise at the Washakee Needles, cut^ through to the anti- 
clinal axis of the Owl Creek range, which it follows for quite a distance 
through a wild precipitous canon, from whence it emerges into the 
plains seemingly from a source in this range, whereas its source is really 
in the Sierra Shoshonee Kange. The Sierra Shoshonee range is proba- 
bly the most remarkable one in the great liocky Mountain chain. The 
original range, if there ever was one, and of this there are many indica- 
tions, lies buried beneath an outpouring of material from the fluid inte- 
rior of the earth, which it is safe to estimate as being now from 4,000 
to 5,000 feet thick. This statement is warranted by the fact that the 
section cut through by the Stinking Water Eiver shows only this vol- 
canic material down to an elevation of 5,500 feet, while the peaks are 
all over 10,000 feet, and many reach an elevation of over 12,000 feet, and 
are composed entirely, so far as our observation went, of this material, 
(except the Washakee Needles, which is granite.) It will be more appro- 
priate to speak of it as a mountain mass, which extends from latitude 
43^ 10' in a northerly direction, to 45*^ 10', with a general width of over 
sixty miles in peaks that will certainly average over 10,000 feet in ele- 
vation. The culminating points are at the Washakee Needles, near the 
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aontlieastei-n extremity, where the elevation is 12,253 feet, aiid in a 
cluster of iieaka, in latitnde 45°, whose elevation is not known. Be- 
tween these, however, there are probably quite a nnmber of summits 
tbat equal and, perhaps, exceed them in elevation. 

It 18 doubtful whether aay of the craters, from which this enormous 
mass of oiice-Huid material escaped, have yet been discovered. There 
are many apiiearauces of volcanic cones, but a close examination will 
pn>bably show them to be siQiplypeaks of erosion. This mountain mass 
has beeu eroded to a remarkable extent, and the streams have cut their 
channel into it accordingly In the most iiTegnlar manner. The Snake 
cuts clear through from the west to the east side, and the Grey Bull and 
8tiuking Water on the east have their sources in the very westernmost 
rim. Their valleys are simply huge canons, except the usual park-like 
0|>eniug Dear their sunrees. 

The mountain slopes are covered with forests of coniferous trees, 
wherever it is ijossible for trees to grow, and streams are very numerous. 
Perhaps more water is shed from this mass of mountains than from any 
of equal size in the JRocky Mountaiu chain. 

There are no roads across the Sierra Shoshone range, and this expe- 
diti<m is the first that ever crossed it, a feat that had been previously 
considei-ed very ditlicult, if not impossible. Three passes were found 
across: one Hlun(^ the Ishawooaltiver to the head of Yellowstone Lake ; 
one by the North Fork of the Stinking Water to the foot of Yellowstone 
Lake ; and one from the head of Clark's Fork to the East Fork of the 
Yellowstone. 

The basin is divisible into, ], the Wind liiv^r Basin ; and 2, the Big 
Horn Basin. 

1. The i'urmer is triangular in shniie and traversed by the Wind Kiver 
and its tributaries. It is characterized by high benches, dropping off 
by Nteep sloja's to the river. Along the right bank of the river, as far 
down Its Bull Lake Fork, a great deal of bowlder drifi occurs, and the 
sod, away tnmi the narrow bottoms along the streams, is quite rocky. 
On the left bank there is not so much of this drift-soil, and it disappears 
below Grow Ueart Butte, aiioted landmark iu the valley, which seems to 
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Horn'' comes from the Indian name for the moiintain-t»beep, which are 
qaite numerous in the mountains about this basin. The Indians call 
them " biff horns." It was the custom of early trappers to name local- 
ities from such circumstances as the abundance of certain kinds of game, 
trees, &c., in their vicinity. The principal tributaries, on the right, are 
CampbelPs Fork, Bull Lake Fork, Little Wind River and its tributa- 
ries, the two Popo-agies and Beaver Creek from the Wind liiver Mount- 
ains, and Bad Water Creek and No Wood Creek from the Big Horn 
Mountains. On the left, DeNoir Fork, North Fork, and Dry Fork, from 
the south slope of the Sierra Shoshonees ; Muddy Creek from the south 
slopes of the Owl Creek Mountains, and Owl Creek, Meeyero Creek, 
Gooseberry Creek, Grey Bull River, and Stinking Water River, from 
the Sierra Shoshonee. 

A wagon-road, opened by James Bridger, leaves the old North Platte 
road from Fort Laramie near Red Buttes, follows up Poison Spring 
Creek, and thence across to the Big Horn River, which it follows up a 
short distance and then strikes across the basin to Heart Mountain, 
from whence it proceeds in a northwesterly direction t.o the settlements 
in Montana. It traverses a very barren country, in which good water 
is very scarce for a considerable portion of the distance. 

THE YELLOWSTONE TETON BA.SIN. 

As the region here to be described is quite small, it is thought advis- 
able to treat it as a whole, although it is traversed by the main divide 
of the Rocky Mountains — ^here very low — and part of the divide between 
the Upper Yellowstone and Missouri Rivers. It inchules the Yellow- 
stone National Park. It has.the Sierra Shoshonee range on the north 
and east, the W\voming Mountains on the south, and the Tetons on the 
southwest. All but the latter have been described. This range is 
quite short, and extends in a northerly direction between the parallels 
of 430 30' and Uo 15', in longitude lliP 35'. A few peaks are quite 
acicular in character, and attain in the Grand Teton and Mount Moran 
the altitude of 13,835 and 12,800 feet resi)ectively, as given by Profes- 
sor Hayden. The figures are largely in excess of wliat the previous 
estimates of these altitudes had been. This region is an elevated pla- 
teau, lying about the sources of some of the principal rivers of the con- 
tinent. It has a surface of high, rolling hills, covered with dense for- 
ests, with many lakes, some quite large, about the sources of the 
streams which lower down have cut very ileep valleys. 

Tlie 'northwestern portion about the sources of the Gallatin and 
Madison is mountainous, culminating in Mount Washburn, overlooking 
the Grand Canon of the Yellowstone at an elevation of 10,105 feet. 
About 10 miles south of Yellowstone Lake is Mount Sheridan, a small 
knob, with an elevation of 10,156 feet. The soil is quite rich, and vege- 
tation flourishes, although there are indications of a severe climate. 
At the foot of the Tetons, on the east, is a large, fertile valley called 
Jackson's Hole. In the midst of it is Jackson's Lake, a considerable 
body of water. The whole region is thoroughly well watered and is 
notable for the quantity of timber which it carries on low-lying land. 
Its greatest dimension is one hundred and four miles from north to 
south, and there is an area of over live thousand square miles. South- 
west from Yellowstone Lake is a cluster of small lakes — of which the 
largest is Shoshonee Lake — all at the sources of Snake River. 

Yellowstone River rises in the Sierra Shoshonee range about fifty 
miles above the lake, to which it flows in a northwesterly direction. 
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Sliortly after leaving tbe latter it mnkes a fall of almut 500 feet into its 
Grand Caiion, tlii-ough which it flows in a cnn-ed line, emerging with 
a northwesterly direction, and afterward makes a f^rand detonr nronnd 
the noi-tliern extremity of the Sierra Shoshouee, fixnn whence it joins 
the Missouri by an easterly and northeasterly eonrse. 

Within the limits of the region described, tlie only tributaries of 
consequence arc Telican Creek and East Fork, on the right, flowing 
from the Sierra Shoshonee. 

Snake River rises along the Continental divide, betwi?en latitude 
43° uU' and ii° 3U', in a large number of streams that spread out like a 
fan from a base at the foot of the Teton Mountains. The prindiml 
ones are: 1st, Lewis Fork, rising in a series of lakes lying southwest 
from Yellowstone Lake; 2d, Barlow's Fork, a tributary of the latter 
fivm the east ; 3d, Pacific Creek, riaiujr near Two-Ocean Pass; 4th, 
Bufialo Fork, rising far to the eastward, in the vieinity of the Waaha- 
kee Needles ; and 5th, Croa Ventres Creek, rising near tbe head of Wind 
Eiver. 

There are no roads traversing this basin. Onij from Fort Ellis leads 
to the Cireat Hot Si>rings, just iuside of its northern limit. 

IXDIAS THAILS. 

The following are some of tbe iniportiint Indian trails traversing the 
region visited by the expedition : 

1. From Camp Brown, up Windljiver Valley nearly to its head, and 
across the divide to the Gros Venties Fork of Snake Kiver. Here it 
forks, sending one branch down the stream as far as Jackson's Hole, 
where it forks in turn, one portion leading down the Snake River to 
Fort Hall, and tlie other, bending sharp around to the northeast, follows 
up Pacific and down Atlantic Greeks to the Yellowstone River, do^n 
wbicb it follows, passing, to the east of Yellowstone Lake, to tbe Grow 
country in Montana — a branch of it following Lewis Fork and the west 
side of the lake anil rivor; the other branch leaves the Gros Ventres 
its heiul, and, bending to the south, crosses ; 
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bones of game, and old camps of Choyennos and Arapaboes. We may 
expect to hear from it some day as a hiding-place for horse-thieves 
and other marauders. 

4. From Camp Brown northward over the Owl Creek Mountains, and 
still further north to the bnffalo-j^rounds of the BigUorn Valley and the 
Stinking Water River, near Heart Mountain, thence up the North Fork of 
that river and over the divide to the trail along Yellowstone Lake. 

5. From the '' big bend '' of Wind IMver eastward along the northern 
face of the Sweetwater Valley, by the head of Powder River to the Sioux 
country east of the Big Horn Mountains. 

6. From the •' big bend " of Wind Jiiver northerly into the Big Horn 
Valley. 

7. From Camp Brown to the head of Wind River, thence through 
Togw otee Pass, and northerly across the drainage of Snake River, strik- 
ing at Pacific Creek, a previously described trail from the Tetous to the 
east side of Yellowstone Lake. 

8. From the Wind River Valley across the Wind River Mountain^, 
above Union Peak, to the headwaters of Green River. 



CHAPTER III. 

THE YELLOWSTONE ROUTE TO MONTANA. 
A short route to tbo YeUoWvStone National Park. 

The discovery of Togwotee Pass, at the head of W^ind River, is preg- 
nant with results to the future commerce of theAVest and Northwest, as 
it discloses in all probability one of the principal highways that will in 
the future bind their interests with those of the Mississippi Valley and 
the Atlantic States. 

One important object of the expedition was to discover, if possible, a 
practicable ai)proach to Yellowstone Lake from the south or southeast, 
an approach which would not only furnish the shortest route to the Yel- 
lowstone National Park, now practically inaccessible, but would open a 
new route to Montana by a wagon-road but little, if any, longer than the 
present one from Corinne, Utah, that would save a considerable distance 
by rail. In this it has met with a gratifying success. 

In the first place,it was ascertained thatthereare three passes through 
the Sierra Shoshonee affording approaches to the Yellowstone Basin 
from the east. These are : 1st, from the head of Clark's Fork to the East 
Fork of the Y^ellowstone ; 2d, from the head of the North Fork of the 
"Stinking Water, entering the basin opposite the foot of Yellowstone 
Lake, (the route of the expedition ;) 3d, from the head of the Ishawooa 
River, entering the basin opposite the head of Yellowstone Lake. These 
X)asses ai*r all diflicult. 

Also one at the head of Wind River, a little southeast from Y'ellow- 
stone Lake, which affords a perfectly inaciicahle jmsmge to the Yellow- 
ntone Yallcif^ via Wind River Valley and the head of Wind River. I 
have named it Togwotee Pass, preferring to attach easy Indian names, 
wherever possible, to the prominent features of the countrv. It lies in 
latitude 43^ 46' 29", longitude lioo 1', and has an altitude'^ of 9,021 feet 
above the sea. Notwithstanding this altitnde the slopes approaching 
the summit so long and regular that a railroad could be built over it at 
a reasonable cost. 

At present there are two routes to Montana, overwhich the interchange 
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of products between tliat Territory and the East is carried oq, aiid gov- 
eriimeiit supplies shipped to th» militar.v posts and the lodians in tliBt 
country. These are: 1st, ttie Missouri River route, by which supplies 
are curried by steamboat as' far as Fort Benton, Montana, and from 
tbctice distributed tbroiigb tite Territory by wacfous ; and, 2d, tbe Cuioo 
Facitlc B'liilroad route, ovur whiuh supplier are carried by rail as far as 
Corinne, Utah, and from thence norttiward, by wa<^on8, to Idaho and 
Montana. In thetioverninBUi's freighting c(»utracta of 1873, the rates 
from Fort Benton to points in the Territory, and from Goriune to the 
samu points, are exactly the same. Of cnur^ie, so far as ra^ are con- 
cerned, thti land-route cannot compete \rith tlie water-route; but the 
river-route is only oi>en during a few months of the -year, and during the 
remainder of the time the land-route is not lironght into competition 
with it. Furthermore, during the season that tbe river is open, its 
navigability is far from being certain ami reliable at all times; so that 
shipment-s over it are detained a very long and wholly uncertain leugtli 
of time i» tratuitu. As the business of the country is now conducte<], 
men can ill afford to have their money lying idle for months, or weeks, 
or even days, locked up in goods in trtituitu. Every day saved on 
goods, of whaferer ckaravter, is the equivalent of money gained. It is 
this element of time and Us moTtey equivalent that underlies the astound- 
ing success of railroads as competitors with water-lines of trntfic — suc- 
cess through which the stetiinboat is disappearing from our rivers ; suc- 
cess that is proving to ns that there is no such thing as slow freight; 
that men want some kinds of freight shipped fa»ter than others, but that 
there is none they want shipped in a slow and unreliable manner. 

These considerations are so potent that, were a mil road constructed 
to Montana from some jwint on the Uniou Pacific Uailmad, it would, in 
all probability, be followed by virtual disappearance of steamboat-traHic 
from the Missouri River ; and it is by no means improbable that the 
great saving in distance effected by the new Yellowstone route will, even 
without any more railroad, enable the land-route to comitete successfully 
with that via the Missouri. In all events, the proposed route is fraught 
with benefit to the iteople of Montana, through the bringing of the rival 
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Omaha, Xeb., to YelJowsione Lake. 

Omaha to Corinne 1,055 miles. 

Corinne to Fort Ellis, Mont 403 " 

Fort Ellis to Yellowstone Lake 118 " 

Omaha to Yellowstone Lake, (present route) 1, 576 miles. 

Omaha to Point of Rocks 805 " 

Point of Rocks to Yellowstone Lake 289 ** 

Omaha to Yellowstone Lake, (proposed route) 1, 094 '^ 

• 

Proi>osed route shortens distance to Yellowstone Lake 482 * * 

Omaha, Xeb., to Fori Ellis and Bozenian, Mont 

Omaha to Corinne :.... 1,055 miles. 

Corinne to Fort Ellis 403 '' 

Omaha to Fort Ellis, (present route) 1,458 miles. 

Omaha to Point of Rocks 805 *' 

Point of Rocks to Fort Ellis 437 " 

Omaha to Fort Ellis, (proposed ronte) . 1,242 " 

Proposed lou te shortens distance to Fort Ellis 216 '^ 

It is fair to presume that the freight and passenger rates will be aboat 
the same over the proposed as they are over the present route, as the 
distances are nearly the same. A reasonable comparison between these 
rates can therefore be made from the following table, showing those 
paid by the Government to the Union Pacific Eailroad. 

TABLE OF RATES. 

Transportation of persons — (amount for each person.) 

Omaha to Corinne $79 25 

Omaha to Point of Rocks 57 25 

Amoont per man saved hy the proposed route 22 00 

TRANSPORTATION OF FREIGHT. — THIRD CLASS.* 

(4 cents per ton per mile.) 

Omaha to Corinne, (1,055 miles,) per ton $42 20 

Omaha to Point of Hocks, (805 miles,) per ton 32 20 

Amount per ton saved hy the proposed ronte 10 00 

SHIPMENTS OF FREIGHT TO MONTANA. 

Shijfments to Montana via Union Pacific Railroad, 
Teaw. Amnnnt-. 

l^J 1,125,960 pounds. 

1??70 6,896,723 pounds 

IWl 7,501,280 pounds. 

1?72 6,129,644 pounds. 

1873 (about) 6,000,000 pounds. 

Shipments from Saint Louis to Montana, via all routes 
Tc*r». Anionut. 

1K71 13,000,000 pounds. 

1872 10,000,000 pounds. 

1873 : 6,000,000 pounds. 

* liased upon preeent rates of Uniou I*aciflc Bailroad from Omaha to Ogtien. 
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Tlie iiraposed route will not be blocked by snow so much as the pres- 
ent oue, as tUe snowbelt lies in a heavily -timbered country, id vvliieh 
the aijow will not drift much. TLi.s will iucbide a distance of fully one 
Luudied and fifty mites nortb from Wind River Valley. It will opeu 
np a body of 2,0<K>,(H>0 iicres of timber-land, well watered, ami with a 
I'ich soil. Obsei'vutions tlins far indicate that tbis is a refj;ion of e<iuable 
precipitation of rain, and that imgation will not be necessary in culti- 
vating the soil. There is considerable frost oven during the summer, 
but in spite of it the vegetation is always quite luxuriant. 

There is goo<l reason lor believing that the Yellowstone Satioual Piirk 
will, ill time, become the most popular snmmcriesort in the country, 
perhaps the world. This, of itself, is a suilicieut reason for opening 
the way to it at once. 

To sum up, the proposed route will save two hundred and fifty miles 
of distance by railroad ; four hundred and eighty-two miles iu reaching 
Yellowstone Lake, and two hundred and sixteen miles in reaching the 
principal cities of Montana ; is a direct route to the Yellowstone National 
Park, which at present is practically inaccessible, and will eventually 
be the shortest railroad line to Mont^ina ; it opens up a very large tract 
of low -lying timber-land, a feature of rare occurrence iu the great Rocky 
Mountaiu plateau; it will opeu up to settlement the Wind River Valley, 
the Teton Basiu, and the valley of the Upper Yellowstone ; and, finally, 
will throw open the Y'ellowstone National Park to the wonder-seekers 
of the world. 



CHAPTER IV. 



METEOROLOGY. 

struDioHta— Climate of Gri'en River, Bij; llorti.nm 
I'mliable re^iou uf ciiaablis pra<:iiiit;iliuu ot raiu 
weit tber-obsur vut iuus. 
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liypsometrical observations, led me to look with suspicion upon their 
reliability. In bringing them down from great elevations, they require 
a long and erratic period of time for returning to their- normal indica- 
tions, while in going up they indicate the decrease of pressure too rap- 
idly, thus leading to the excessive altitudes usually resulting from their 
use. It would seem as though the corrugated metallic box ofters less 
resistance to expansion than compression, and that at high altitudes it 
is likely to take a set, thus preventing a complete return to the shape 
which it held at the lower level. Furthermore, where the diurnal vari- 
ations of temperature are very wide, these aneroids, although compen- 
sated, were visibly affected by heat, and there is nothing to show to 
what ext<5nt. The result of ollice-comparisons is given below in Tables 
I, II, and III. 

COMPAUISOX OF BAROMETKRS. 

Table I. 

Omaha, Neb., altitude , 1, DOO feet* 

Error of cinteru-barooieter No. 1^7*2 -|-0. 005 

Error of cisteni-baroinet^r No. 1854 — 0. 042 

Cupniarity -f 0.004 

Mean of 44 comparisons with 1972 —0. 038 

Fort Bridger, Wyo., altitude 6,039 feet. 

Error of cistern-liarometer, (1H54.) 

Mean of 14 comparisons — 0. 039 

Probable constant error of No. 1854 — 0. 038 

Table 11. 

Aneroiih.* 

Omaba, Neb., elevation 1, 000 feet. 

Error of aneroid No. 1, (mean from 34 readings) — 0. 118 

Error of aneroid No. 2, (mean from 34 readings) — 0. 043 

Error of aneroid No. 3, (mean from 34 readings) -|-0. 034 

Table III. 

Ana^oids* 

Fort Bridger, Wyo., altitude 6,639 feet. 

C Error of aneroid No. 1 -f 0. 524 

Mean from 23 comparisons . . < Error of aneroid No. 2 +0. 667 

f Error of aneroid No. 3 -f 0.646 

( Error of aneroid No. 1 +0.632 

Mean from 115 comparisons. < Error of aneroid No. 2 -\-0, 81 8 

( Error of aneroid No. 3 -f 0. 728 

N. B. — These aneroids were compensated. 

On tbe 16th of May I sent Mr. Putnam to Fort Bridger with all the 
barometers and other necessary instruments for making (before the ex- 
pedition took the field) a thorough comparison of their readings. This 
he did very faithfully, and the result showed that my aneroids were not 
reliable, although I still hoped to use them for special trips, by compar- 
ing them immediately before leaving and at once after returning to 
camp. It soon ai)peared, however, that they wore not tit even for this. 
The aneroid is a good weather glass, but is hardly fit for liypsometrical 
work ; this is a great pity, for there is great merit in its portability 
where mountains are to be climbed, and in its non-liability to breakage. 

* Compared with No. VJt-i, (cistern, ) at 3*2- ralireuheit. 
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On tlie march from Fort Bridger the mercury ia cistero-barometer 
185i Iftaked a little throngh the bag. The oxidation of this mereory 
between the threads of the elevating-screw soon clogged it, so that it 
TOQld not lie turned without great difficulty. Mr. C. T, Oreary, who 
was carrying it, very ingeniously remedied the difficulty by making a 
wooden screw to work iu its place. This answered the purpose admira- 
ahly until we arrived at Gamp Starabaugh, when he made a now screw 
of iroD, tbat answered its purpose during the rest of the trip. 

Tlie leakage was cansed by attempting to screw up the mercnry until it 
filled the tnbe, in putting it up for transportation. This brings too much 
pressure on the bag of the cistern, and the mercury is crowded tlirough 
it. It should only be screwed up until the cistern is full. The small 
motion in the mecurial column tbat is thus permitted docs not endanger 
the instrument mo much as the leakage when it is screwed up too tight. 
Works on meteorology do not call sufficient attention to this point, but 
rather convey the idea, if tUey do not positively direct, tbat the tube 
should be filled. The Smithsonian directions for meteorological obser- 
vations, under the bead of Barometer, say, page 17: " If circumstances 
compel this (moving) to be done, we should begin, before taking tt from 
its place, by raising the mercury in the cistern by means of the screw 
so as to fill the cistern and the tube." Now, for transportatiou iu the 
field, wheu at high altitudes, a comparatively large portion of the mer- 
cury gets into the cistern. This will not do at all, and, indeed, I should 
not think it advisable ever to screw up the mercury more than enough 
to fill the cistern. 

In comparing these baroineter.s, my attention has been particularly 
called to the unsatisfactory manner in which the attached thermometer 
registers the tem|ierature of the mercury in the tube. Its bulb is placed 
in a small metallic case fastened to the outside of tbe brass frame of 
the barometer, which has a small hole sometimes cut in it opposite the 
bulb. It makes but little difference whether the hole is cut or not ; the 
thermometer registers the temperature of a small inclosed space that 
receives the iinprens of increments or decrements of heat, somewliat 
less rapidly than the air outside, and tbe whole would make no sensible 
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believing, is a fair approximation. I am somewhat specific on tbis 
point, because these figures dilfer so widely from those obtained by 
Professor Havden, who, in 1871, fliids this altitude to be 7,127 feet, and 
in 1872 finds it 7,788. 

At Fort Bridger, Camp Brown, and the outlet of the Yellowstone 
Zjake, I bad hourly observations taken, for the purpose of getting itu 
approximate horary curve for each. The results are given iu the an- 
nexed chart, and will be of much interest. 

The barometric readings at Oorinne, Fort Benton, and Cheyenne, 
show that over the field embraced by the reconnaissance, the »buorniaL 
barometric oscillation was very nearly uniform. The computations for 
altitude were made by Lieut, S. E. Blunt, Thirteenth United States In- 
fantry. 

GREEK RIVEE BASIN. 

In the Green Uiver Basin the diurnal temperature varies between 
pretty wide limits. This ia largely owing to theextreme dryness of the 
atmosphere, which leaves almost nothing interposed to interfere with 
the radiation from the sun and earth. The relative humidity is very 
low, and dew and frost are quite rare. Rain seldom falls. The amount 
of solar radiation, as will be seen from the observations, is large, and 
the aame causes that produce it will also probably produce a corre- 
spondingly large terrestrial radiation ; all this indicates a severe climate. 

The winds, with remarkable unanimity, are from the southwest and 
west, and the quantity of motion is great; a gale of wind can be confi- 
dently expected every day, commeuciuga little before noon. The natu- 
ral tendency of the winds to come from tlie southwest over this re- 
gion, is augmented by the local confignration of the ground. The west 
end of this basin is a eulde-sac, with high mountains nearly surround- 
ing it — the Uintahs on the south, the Wabsatch on the west, and the 
Wind lUver range on the north. The annexed sketch will illustrate it, 
(Fig. 8.) 




The air over the plateau becomes inordinately heated from radiation, 
while the cold air from the mountains ruHhes in to take its place, as it 
rises, and restore the equilibrium. The resultant motion thus produced 
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is in a northwesterly direction, and as this is about the mean direction 
of tlie general currents of the air in this latitude, it will be seeu that the 
diil'ereiit causes that tend to set the air in motion mutually re-euforce 
Citcb other,- producing the high winds that are such a well-kaowu fea- 
ture of the climate. 

There are times wiien this local disturbance must be excessive, and 
perhaps we may look here for the origin, or at least a clew to it, of the 
storms that sweep across the continent to the eastward, and spend their 
fury on the Atlantic Ocean. 

Local storms and squalls from the monntains sometimes descend a 
short distance into this basin, but generally clouds are rare, except the 
low fringe of cumuli on the horizon, that is so characteristic of flue 
weather. 

WIND I!I\'ER BASIN. 
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ing a rarity of dew and frost. The mountains lyini? so close aronnd, a 
slight rain-fall is caased by the summer showers from them, but the 
quantity of water that falls is very small. The general prevailing winds 
are entirely intercepted by the jnount.ains, but the local disturbance 
caused by the air getting highly heated over the yalley, and the rush of 
the cold air from the mountains to establish an equilibrium, is very great, 
causing daily currents of such strength and persistence as to give origin 
to the name of the river and mountains. This action is illustrated in the 
annexed sketch, (Fig. 9.) 

THE BIG HORN BASIN. 

The climate here is probably quite similar to that of the Wind River 
Valley ; as far as our observations go such are the indications. There 
is the same and perhaps a somewhat greater cause for violent winds. 
The Indians repeatedly called my attention to the fact that it was very 
windy here, even more so than in the Wind River Valley. This is suf- 
ficiently accounted for by the fact that the mountains are very extensive, 
and the country at their feet and across to the Big Horn Range is 
mostly bare soil and rock, capable of becoming very strongly heated 
under the effects of the great solar radiation. 

Away from the western face of the basin where the summer-squalls 
hang down from the edge of the mountains, the region is probably 
largely exempt from rain. This is further indicated by the fjict that an 
extremely small quantity of water is drained from the western slopes ot 
the Big Horn Mountains. The streams are of rare occurrence, and are 
frequently dry. On account of the scarcity of water, travel in the 
lower j)art of this basin, and more especially along its eastern face, is 
attended with much inconvenience. 

UPPER YELLOWSTONE-TETON BASIN. 

These two basins, although on opposite sides of the main divide of 
the Rocky Mountains, are yet subject to the same climatic influences ; 
for this divide is so low between them as to lose its mountainous char- 
acter almost entirely. This is supplied by the Sierra Shoshonee range 
which borders them on the east, the Wyoming Mountains to the south, 
and the Tetons which lie to the west. 

This region is also characterized by wide extremes of diurnal tempera- 
ture, although the day temperature is generally rather low, making an 
agreeable summer climate. The freezing-point seems to obtain quite 
commonly just before sunrise; and late in August, different parties, in 
three consecutive years, have noted at this time of the day such very nota- 
ble temperatures as 14P F., 13^ F., and 12^^ F. The nights are extremely 
cold as a rule. An approximation to the mean annual temperature ob- 
tained from the temperatures of some springs east of Yellowstone Lake, 
and one between the lake and the falls, is bl^.o F. 

The relative humidity is remarkably high for the Rocky Mountain 
region, which is so generally characterized by the small proportion of 
aquous vapor in its atmosphere ; as a natural attendant upon this ex- 
ceptional feature, the whole region is densely timbered. 

There is ample evidence of a moderately copious rain-fall in and 
around this basin, especially about the headwaters of Snake River, the 
vegetation is always fresh and tolerably luxuriant; the country is amply 
supplied with water in marsh, spring, stream, pond, and lake, and the 
meteorological records of parties who have visited it for three years in 
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anccessioii point clearly to it. We bad several rniny days vliile travers-^ 
ing it, days in whicli the rain fell almost contiDuously daring the night 
and day. This is a notable fact. 

It is probably a region of severe stocms ; for an inspection of a gen- 
eral map, together with the annexed sketch, shows that the principal 



Fig. 10. 
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the parallels of 43^ 3(K and 45^ 3(K north latitude, is one of equable 
precipitation. The severity of the summer frosts, however, will prevent 
any extensive tillage of the soil, which, by the way, is a rich black 
loam. The prevailing winds are westerly, and mild in their character. 

Table of aUitudea, 
All observations with merenrial barometer. 



Place. 



Fort Bridfcer 

Camp No. 3 

Camp No. 5 

Camp No. 6 

Camp No. 8 

Camp No. 9 

IMvide between Big Sandy and Little Sandy 

Camp No. 10 

Camp No. 11 

Camp No. 12 

Summit of Soath Pass 

Camp No. 13 

Camp Stambangh i 

Triansnlation Station No 43 

CampNo. 15 

Benonat head of Red Cafion 

Camp No. 16 

Ranch on Big Popo Agio, (old Camp Brown) 

CampNo. 17 

Camp Brown , 

From Camp Brown to Wind River Moantains : 

Foot of first hiU 

Top of first hill 

Top of second hill 

Summit of Bald Mountain 

Timber-line 

Summit of Chimney Rock 

Camp No. 20 

Divide Sage Creek and Wind River 

Camp No. 21 

Camp No. 22, (across the river from Camp 21) , 

Camp No. 23 

Camp No. 24 

Camp No. 25 

Pass over Owl Creek Mountains 

Summit east of pass 

Summit of Phlox Moantain 

Camp No. 26 

Camp on headwaters of Owl Creek 

Umber-line on the Washakee Needles 

Summit of the Washakee Needles 

Last divide before Camp No. 27 

Camp No. 27 

Hill south of Camp No. 27 

Camp No. 28 

Camp No. 29 

Camp No. 30 

Spur from the moantains 

Camp No. 31 ^. 

Camp No. 32 

Camp No. 33 

Camp No. 34 

BIdge S. S. W. from Camp 34, 1st point 

RidgeS.S.W. from Camp 34, 2d point 

H. Ex. 2S5 5 



Altitude. 




Feet, 
6639.0 
6308.3 
6314.9 

6210. 2 
6257.0 

12 
».6 
6657.6 

6742. 6 
7134.0 
7480.0 
7400.2 
7767.1 
8267.1 
6937.3 
6848.0 
5407.1 
5311.0 

5447. 3 
5498.4 

6600.0 
8034.0 
8857.0 
9897.4 
10760.0 
11853.0 

5792. 7 
6096.5 
5553.1 
5556.5 
6140. 2 
6320.0 
6208.0 
7836.0 
8233.0 
9136.0 
6168.1 
8610.0 

10683.0 
12253.0 
7074.7 
6471.0 
6783.0 
6120.8 
5780.0 
6166.4 
8607.1 
7423.0 
5273.2 
5845.0 
6041.6 
7203. 
7284.0 
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Table 0/ iil()t4id«*— ContiDDed. 



Eidge 8, 8. W. (torn Camp 31, 3d point ... , 

C»rapNo.35 

Camp No. 36 

SummU of SMlorUonDlain 

Tiiuliur-tine on Sailor Hountain 

Stinking- water Pass 

Finit tn angulation- point north of paaa 

Secunil triangnlatioD-point north of pasM.. 

Camp No. 37 

Y^UuiTstone Lake, (at ontlet) 

CaranNo. 39 

Height of Upper Falls of the TellowHtone. 
Height of Great Falla of the Yellowstons.. 

Camp No. 40 , 

Camp No. 41 

Jack Baronett's oabin 

Yellowstone HiTer at bridge 

Camp No. 42 

Huuimit of Mount Waslibunie ., 

Camp No. 43 

Camp No. 44 

Camp No. 45 

Carup No. 46 

Camp No. 47 

Camp No. 46, (YellowBtone Lake) 

Caoip No. 4S, (YellowAtone Lake] 

Camp No. 50, (YellowstoDe Lake) 

Camp No. 51, (Yellowxtone Lake] 

Yellowstone iJake, (mean adopted) 

Summit of Mount Sheridan 

Camp No. 52 , 

Camp No. 53 

Camp No. 54 

Camp No. 55 

Camp No. 56 

Hill al)ove Camp 56, (orossed by trail) 



10046. 
9746.0 
9444. 3 



75»4.0 
7401. e 
150.2 



5741. 5 

5695.0 
.5813.7 

10105.3 
7724.0 
8965.8 
7132.4 
7373.3 
8301.7 
75ffi.9 
7564.0 
7552.3 
7563.1 
7504.0 

10150. 
7787. 7 
7817.7 

eoao.9 

7574. S 
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Tabix II. — Bteord itfrwIiaUon, maxlmniK and m{n1m«« tXmaomtttr*. 
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Table III. — Temperature of springs ^ icaterSf ijc. 



Date. 



1873. 
June 13 
J ane 19 
Jane 19 
Jane 19 
Jane 96 
Jane 39 
JoIt si 
Jalj 85 
Aug. 
Aag. 
Aa«. 
Aag. 
Aug. 



Time. 



12 
930 
6 



6 
S 
5 

7 
2 



630 
4 
7 
6 
6 



m. 
a.m. 
a. m. 
a.m. 
p. m. 
a.m. 
p. m. 
p. m. 
a.m. 
p. m. 
a.m. 
p.m. 
a.m. 



Sand, on ridge between Big Mnddv and Ham's Fork 

Sand, on divide between Big and Little Sandy 

Water in well at Btation-hoase, near Camp 9 

Water in Big Sandy 

Water in woll at Camp Stambaagh 

Spring near Camp 15 

Spring at Camp 27 

Spring near Camp 30 

Spring at Camp 37 

Yellowstone Lalce 

do 

do 

do 



Tompera- 
tare. 



UQ 
1L2 

36 

53 

40 

42 

44 

37.5 

37 

60.5 

56 

65.5 

58 



H. Ex. 285 
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ASTRONOMICAL REPORT. 



Bv Lieut. S. E. Blunt. Thiiifenlh ruitrd Slalet lofanliy. 



Inetruiueuts — Failnre of clironometurs — Examples of compntatioDB. 

Engineee Office, 
Omaha, Seb,, January 1, 187i. 

Sir : I have tbe honor to make tlie fotlowiag report concemiag the 
flstrouomical work of the espeditioii to Northwestern Wyoming diiiiog 
the siiinoier of 1S73. The ob-servationa were taken by myself, assisted 
by Mr. George C. llitt. 

The only instruments used were one sextant, one reflecting circle, and 
one artificial horizon ; two box -chronometers, one regulated on mean 
solar time, and the other on sidereal time, were used in connection with 
tbe sextant at Fort Bridger, and part of the way to Camp Stambaugh. 
The boxes containing the sextant and reflecting circle were carried on 
the bucks of men in the saddle ; thus transported, tlie instruments re- 
mained in good order, and, though they were always examined before 
taking an observation, adjustment was lint seldom fonod necessary. 
The box-chronometers were also packed in the usual manner for field 
transportation and carefully carried on the back of a man in the sad- 
dle; bat it was our experience that the slight motion that they were 
thus unavoidably exposed to, so impaired their rate as to render them 
worthlesis as a means of ileterniining longitude, Tlie.v wei-oleft at (':i 
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Ob^ervathns for longihide by lunar dist4inoeSf moon^ Mars, Outlet of Yellowstone Ldke^ 

Camp 38, August 6, 1873. 
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Index error of sextant, 00''. Barometer, 22.824 inches. Error of 
eccentricity of sextant, 00". Attached thermometer, 55° .5. Detached 
thermometer, 54^.5. 

The altitudes of the moon were taken at equal intervals before and after 
the time of observing for distance — the same in regard to Mars ; the 
means of the altitudes thus obtained were used as the altitudes at the 
time the distance was measured, this being more accurate than any 
other method that could be adopted by a single observer. 

The computations were made accordiug to Chauvenet's method of cor- 
recting lunar distances. 

Longitudes for other points were deteraiined from the error of the 
pocket-chronometer on local mean solar time, its error on the mean solar 
time at Camp Brown being found by computation ; lunars serving as 
checks upon these where the longitude was obtained by both methods, 
and the two determinations agreeing closely ; the longitudes by time 
can be regarded as close approximations. 

The mean solar-time at place of observation was found either from 
equal altitudes of the sun or of a star ; Arcturus, a SerpentiSj a Opliiu-, 
chij or a AquiUc being generally used. 

Latitude was obtained by circum-meridian altitudes of the sun, or of 
the same stars as used in the observations for time. Whenever the 
party remained more than one day at the same camp, latitude was de- 
termined each noon, as well as by the stars at night. Here, too, very 
satisfactory results were obtained, remembering that no other instru- 
ment bat a sextant was used in the observations. 

I give one of the observations, and the mean of the deductions from 
four others, to show how closely the results agree with each other. 

Determination of the latitude, from observed double circum-meridian altitudes of the sun. 

Camp 38, {outlet of Yellowstone Lake^) August 5, 1873. 
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Tlie latitade deduced from the mean trf' tbese Dine obeerradoas oa the 
sin i3 44' 34' 3Gf'3», and from the ocber foor «ts 44^ 34' 47" *; 44= W 
5."'.23 : 440 ^4' 53".56, and 44- W ll^'Sl, re^tecdTelr, giving a mean for 
tlie final resnlt oT-U^ 34' jl"^l. 

Tbe folloiring ia the list <rf' latitudes and hmgitades det«mined : 

litt if attitmntkml wtmttama. 



CjuipX^I- 



4< « U 

44 M » - 

M S « 

«t 3C <: 

«t XI u 



» IS 



The magnetic variation eoald not easily be obtained very accurately 
with the rnstraineata at my command ; three or m<»e observations, how- 
ever, were taken whenever the declination was obtained, in order to 
eliminate errors as mnch as possible, and a mean of the results adopted 
as the final resalt. They can probably be depended upon to within 5'. 




GEOLOGICAL REPORT. 



By Pkof. Theo. B. Comstock. 



CHATTEE I. 

INTRODUCTION. 
Explauatiou— General plau of c^eological report — Narrative of special trips. 

Before proceeding to the more special and detailed accoont of the 
fjeolo^y of the district traversed by Captain Jones during the summer 
of 1873, it will be proper to devote a little space to a hasty review of 
some points connected with the trip itself, which come justly within the 
scope of this report, and which, if not here introduced, might leave 
nnexplained some matters of greater signiticance. It is also desirable 
that some explanation should be given of the causes which have led to 
the appearance of the report in its present shape. 

Upon my return from the field with an abundance of material, in the 
form of notes and specimens, for the preparation of a report upon the 
geological stru cture of the greater portion of the western third of Wy- 
oming Territory, it very soon became evident that the labor of arrang- 
ing and elaborating completely the whole of the work done in the field 
would require much more time than could well be allowed me. This 
difficulty would have been grave enough had the region explored been 
of no more than ordinary interest; but when the wonderful extent and 
variety of this section is fully realized and considered, it will be seen 
that my task has thereby been greatly increased. In addition to this 
difficulty, circumstances beyond my control have compelled me to work 
with very few advantages of reference or comparison. As a natural 
result, regretted by no one more than by the writer, the following pages 
will be found lacking in several important particulars, among which 
two interesting subjects require some notice in this place. 1 refer to 
paleontology and chemical geology, in both of which departments much 
material was collected, but which, tor the reasons mentioned, have been 
necessarily treated quite summarily. So far as I have been able, I have 
identified the fossils collected, and, in most cases, I have thus been ena- 
bled to determine with certainty the formations from which they were 
obtained. 

PLAN OF GEOLOGICAL REPORT. 

In the preparation of this report I have sought to arrange its compo- 
nent parts in such a manner as to combine utility with conciseness of 
expression and ease of reference. In a work which is intended merely 
as a rSsumS of the more important results of field-labors, it is excusable, 
not to say necessary, that events and discoveries should be narrated in 
the order of their occurrence, but, however easier it may be to thus send 
forth the final results, such a report can only be accepted as the fore- 
runner of a more complete and elaborate treatise in the future. Though 
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indulgJDg the bope tbat tbe ample material now id my posseBsion may 
yet yield richer trait uurler more favorable cireuinstauces, Ibare yet 
felt, in the absence of such assuraDce, tbat the present work should 
have as mach of the air of a finished production as can well be given to 
it n^ithin necessary limits. For this reason the plan of arrangement 
adopted io the following pages is the gi-ouping of facts and conclnsions 
under appropriate heads, with little or no regard to se<jnence of obser- 
vation, except when essential to the complete elncidatioD of any subject. 
Each broad division of geology and related subjects is discussed in suc- 
cession, each occupying as many chapters as may be deemed expedient. 
In each chapter the several promineut topics are plainly indicated by 
head-lines in the text, and these, with minor topics, will readily be found 
by referring to the copious index at the close of the report. This method, 
which, I believe, will prove most satisfactory t« the majority of those 
who will use this report, will necessitate a somewhat more careful 
ntt«ntiou than would be required by an arrangement which would allow 
of more frequent repetition ; but I am persuaded tbat if this treatise be 
incapable of resting upon its own merit, nothing in the way of mere 
composition can make it any more deserving of generous approval. It 
has been thought desirable, however, in one or two instances, to give a 
brief r4»ume or recapitulation of several chapters, as in chapter VI. 
which is devoted to a general review of local geologj, systematic and 
economical. 

The order of arrangement of (he several chapters is in a measure 
natural and progressive. Beginning with a notice of the physical 
geography, or tbe resultant of all the various forces which have com- 
bined to produce the present surface features, then proceeding to the 
discussion of geological structure or the resistance encountered, tbe 
determination of the forces themselves comes next in order, after which 
such special subjects as are not directly connected with the geology of 
the region are considered. To thelatterclassbelongthechapterof arch- 
seological notes and the notes upon the Shoshone tribe, with a vocabu- 
lary. 

NARRATIVE OE ITINEEAET OF SPECIAL TKIPS. 
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possible so early in the season, lay across the southwestern corner of 
the great Green River Ba^in, in a general south-southeastern direction. 
When we left the post the water of Black's Fork at that point was 
unusually high, causing serious damage to bridges, and knowing ones 
predicted the failure of our little expedition. A ride of eight miles 
brought us to the crossing of Smith's Fork, which was found to be too 
high for fording, and we went some distance above, where the creek 
divides into several smaller streams. Even these proved difficult to 
cross. One must see these swollen torrents and ford them to fully 
appreciate their force and the consequent amount of sediment held in 
suspension. In seasons of heavy floods many of the mountain-streams 
are veritable rivers in size, and such they are usually named, to the 
great wonder of those who have seen them only in midsummer, when 
many are almost dry. All the streams that we were obliged to cross in 
our profcress toward the mountains were very much swollen, and we 
were not infrequently obliged to cast about for suitable places to ford. 
After crossing Smith's Fork we bore southward for several miles, pass- 
ing through a portion of the Grizzly Buttes,* a "bad lands" district 
now made famous as the scene of the labors of Professors Marsh, 
Leidy, and Cope, resulting in the discovery of numerous remains of 
extinct vertebrates. This formation is more or less restricted, flanking 
the edges of quite extensive benches as a kind of fringe at this point 
about one mile in width. The buttes are usually capped by grotesque 
miisses of weathered rock in the form of columns or pyramids of various 
shapes, which often bear a fair resemblance to familiar objects, such as 
huts, anvils, chimneys, steeples, monuments, nestling birds, &c. 

Continuing our course over benches becoming broader and more ex- 
tended nearer the mountains, we finally reached and crossed Cotton- 
wood Creek, one of a dozen so named within a limited area in the West. 
From this point we continued our course across sagebrush plains, 
with little of variety, except an occasional alkali bog, in which our 
mules sank to their bellies, or an alkali hole, filled with a sloughy mass 
of the consistency of soft-soap, with irregular streaks of blue and yellow. 

Pushing onward rapidly we crossed the divide to the slope toward 
the west branch of Henry's Fork, camping just at dusk near a fine cold 
spring, in a sheltered depression upon the hill-side. This camp was at 
an elevation of about 2,000 feet above the valley of Black's Fork at 
Fort Bridger, Jind it was distant by an air-line nearly nineteen miles, 
and by our course about twenty-two miles from the same point. 

June 7. — Left camp quite early, bearing east of south toward the 
mountains. On our way we encountered quantities of fallen timber, 
which very seriously impeded our progress. Between two wide belts 
of this we were obliged to climb a steep bluff strewn with bowlders, 
largely of red sandstone, but with a beautiful grassy summit almost level. 
Passing through a narrow opening in the timber which skirts this ridge 
there is brought to view an inclosed pasture of several acres, evidently 
a favorite resort of the elk, judging from the number of shed antlers 
which lie strewn over its surface. The view from this point is very fine, 
and quite extensive. The ridge slopes rather abruptly upon both sides 
to the streams below, one of which ripples through a grassy bottom, ap- 
parently walled in upon all sides, with a narrow gap where the water 



* lu a paper entitled " On the Geology of Western Wyoming," published in the 
American Journal of Science and Arts, vol. VI, December, 1873, 1 have offered an expla- 
nation of the origin of this name, which proves to be erroneous. Judge W. A. Carter 
states that the name originated from a report that an old hnuter had there discDvered 
a petrified grizzly. 
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flows out. This was poiated out by our guide as one of his favorite 
places for wioteriiig stock. Beyond this we passed through ao exten- 
sive tract of fallen timber, part of it scattered over the surface of abill 
which we descended to reach the valley of a small creek to which I have 
given the name of Bog Creek, merely for convenience of reference. 
The left bank of this Rtreain for several miles has a very gentle slope 
toward the creek, and it is, therefore, very boggy and dotted with stand- 
ing pools, at least early in the season. The slope upon the right bank is 
very much greater and the bulk of the stream flows along that side of 
the valley. Passing up the stream by a gradual ascent we suddenly 
reached a small belt of timber stretching across the valley. This was 
but a few rods in tvldth, and very quickly the water was found raouing 
ofi' rapidly in the opposite direction by a series of small cascades, ex- 
tending DCAriy to the junction of the west branch of Henry's Fork, not 
a great distance below. 

The west branch, or Burns' Pork, runs through a broad alluvial valley, 
very irregularly, frequently, as at this point, splitting into four or Ave 
parts, which again unite and separate indefluitely, causing constant 
changes in the channels by the formation and destruction of islands, 
peninsulas, ponds, &c. This valley is in many respects the counterpart 
of the Lower Amazon, but on a very small scale. Even the fluctuations 
of level caused by the tides in the mighty Brazilian stream, which I 
have observed at a distance of five hundred miles from the Atlantic 
coast, are simulated in this average mountain -stream in the rise and fait 
produce<l by the alternate melting and freezing of the snows. 

Directly opposite our point of approach a side valley opens, but its 
stream, bugging the right bank, enters Burns' Fork some rods below. 
Crossing the latter, we ascended this tributary. The upper portion of 
the valley wa'? very miry, and we were soon in the midst of immense 
drifts of the slowly-melting snows. For at least t^^o miles our mules 
fairly floundered, sinking above their knees at almost every step, until 
we finally reached a high hill covered with loose bowlders, which we 
ascended by a very steep course to a height of about 4,000 feet above 
l''ort liriil^tT, Descending upon the other side, a stil! greater slupe. not 
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near its junction with one of the torks of Sage Creek, to which I will refer 
under the name of Meadow Brook. Bog Creek Valley continued swampy 
upon its left bank, widening gradually' until we left it, when it descended 
more rapidly from 50 to 100 feet into the terraced valley of Sage Creek. 
Crossing the latter, we bore northwest for several miles, gradually veer- 
ing to the north and northeast, crossing benches, descending as by an 
irregular succession of steps, until we reached our camp at Fort Bridger. 
A short distance beyond Sage Creek we came upon a small camp of friend- 
ly Ute Indians returning to their reservation from a visit to Fort Bridger 
for trading purposes. We found our party in Camp 2, having been 
driven from Camp 1, on lower ground, by the overflow of the stream 
during our absence. The whole distance traveled upon this trip was 
not far from one hundred miles. 

II. — RED CANON ROAD ALONG DEEP CREEK. 

June 29. — Just beyond Camp 15, on Twin Creek, the road forks; one 
branch, called the Red Canon road, passing by a very steep hill down 
into the narrow valley of Deep Creek, while the other follows a mono- 
clinal valley farther from the mountains, which leads by a more direct 
course to the crossing of the Little Popo Agie near Murphy's Ranch. 
The train took the latter route, and I followed the former with a small 
escort. Deep Creek flows through a narrow valley or canon, originally 
a monoclinal valley, bounded upon one side by a carboniferous ridge 
with precipitous bluffs of Triassic red sandstone upon the right, prob- 
ably extending upward into conformable beds of Jurassic sjandstone of 
a lighter color. The whole valley, for a considerable height, has been 
filled in with red drift material, through which the stream has cut nearly 
to the b|ise, leaving a series of terraces high up on the ridges. The 
name appropriately refers .to the manner in which the present stream 
has cut through its bed ; for in some places the narrow creek runs through 
a gorge with almost vertical sides, at least 20 feet in height, making a 
veritable canon in the soft material of the drift, a form of erosion which 
is somewhat peculiar under such circumstances. 

This valley lies very favorably for irrigation, as it receives several 
fine streams from the mountain-side of the caiion, where the descent is 
rather gradual. Several fine gardens are here tilled, affording a choice 
and varied supply of "truck" for consumption at Camp Stambaugh, 
Miner's Delight, and the settlements in the vicinity of South Pass. Six 
or seven miles below its source. Deep Creek joins the Little Popo- Agie, 
almost at a right-§ngle, just beyond the point at which the latter emerges, 
with considerable force, from a grand old canon cut through the lime- 
stone ridge. From this point we followed down the left bank of the 
Little PopoAgie River to Murphy's, where the main party joined us, and 
made Camp 16. The valley of the river, as it may be styled, pursues a 
nearly straight course away from the mountains until it reaches a point 
below Murphy's Ranch, when it is deflected greatly to the left for some 
distance, cutting diagonally through the next ridge. This, and other 
interesting features of these streams, have a peculiar interest to the stu- 
dent of dynamical geology, and they will be further considered in con- 
nection with that subject in another chapter. 

III. — TRIP TO NUCLEUS OF WIND RIVER MOUNTAINS FROM CAMP BROW^N. 

July 5-8, — Left Camp 18, at Camp Brown, with Doctor Parry, Messrs. 
Le Hardy, Putnam, and Jewett, and Somers, my own object being the 
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study of the structure of the raD^e at this poiot from nucleus to ext<^rior. 
As iu all other casca, I give here only the incideDts ami general obser- 
viitious of the trip, reserviog for future chapters tlie discussion of geo- 
logical structure and topics of a special nature. At the kind suggestion 
of Doctor Irtrin, the much -esteemed and highly- successful Indian agent 
of the ejistern Shoshone reservation, we directed our course toward a 
proroiuent land-mark in the nucleus known in the neighborhood as 
Chimney Rock. Passing tor fire miles over a comparatively level tract, 
with abundant evidence of ancient glacial action, we followed a well-worn 
wood -choppers' road, which led us upward for three-quarters of a mile 
over the regular surface of a ridge of carboniferous limestone with a 
slope of 20O, {1,900 feet to a mile.) From the top of this we descended 
several hundred feet only to climb another ridge of older rocks, and so 
on, ridge after ridge, until the last (t. e., tbe earliest formed) exposures * 
of the unchanged sedimentary rocks had been passed, when we struck 
through the metamorphic series, and thence into the granitic nucleus. 
We were fortnnate enongh to find our way into a mitgnificeut park, 
which afforded tine pasturage for our mules, which we rode as far as 
practicable, leaving them at our second camp to make the ascent of 
the ridge on foot. This feat proved much more tedious and ditScult than 
we had anticipated, though it was accomplished iu a shorter time than 
we had supposed possible. Mr. Le Hardy and myself left the camp 
toward evening, hoping to reach a point half way up tbe first ridge 
beforedark ; but we were much surprLsed to find that the distance to the 
summit waslcss than estimated from below, so that we were able to build 
our signal-tire just at dark, near the edge of the timber-line, at an alti- 
tude of 10,500 teet. The first part of our way lay for a short distance 
through a treacherous bog, partly covered wilh icy-cold water, which, 
safely crossed, gave place to a long stretch of huge granite bowlders 
irregularly tumbled together, making it necessary to make steps of 
nne<(ual lengths, occasionally leaping, now up, now down, iu places where 
a misstep was of serious consequence. Oftentimes it became necessary 
to force our way through dense thickets of small bat springy under- 
■■|, leniiiidirti; one strongly of t hi' iiiiiieiietrable laiiri.'1-briikes o' ' 
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sea, we obtained a view of the whole country north and east of the 
mountains for a distance of pne hundred and fifty miles. In front lay 
the Owl Creek Mountains, with the Wind River like a thread between, 
and far in the background the Big Horn range with its prominent peaks 
towering high in air. To the north the Sierra Shoshone and the exten- 
sion of the Rocky Mountain divide appeared to meet, and no doubt we 
saw many high peaks far beyond, which seemed to form portions of one 
of these chains. 

The return-trip was but a repetition of the experiences already nar- 
rated, with the addition of much discomfort arising from the short sup- 
ply of provisions, which gave out before we started backward. The 
total distance traveled was about thirty-five miles. 

IV.— TO WASHAKIE NEEDLES, SIERRA SHOSHONEE. 

Long before reaching the Owl Creek Mountains we had in view what 
appeared like a double peak lying beyond, and rising much higher than 
the main crest of that range, and this assumed so much importance in 
the topography and geology of the country that a party was organized 
under the direction of Captain Jones for the purpose of visiting it. 
Though one of the most interesting excursions made during the trip, 
there is no call for description here, as it will be given in the general 
report of the expedition. We left Camp 26 on the 18th of July, travel- 
ing in all more than sixty miles, and returning July 20. The peak was 
ascended to a greater or less height by each member of the party, the 
highest point reached being over 12,000 feet above sea-level. The geo- 
logical results of this excursion will be found in the recapitulatory chap- 
ter on the general geolog}" of the whole trip. 

V. — TO STEAMBOAT SPRINGS, ON YELLOWSTONE LAKE, ETC. 

August 6. — From Camp 38, at the outlet of Yellowstone Lake, I went 
alone to Steamboat Springs, an interesting locality upon the lake sliore, 
about three miles above the mouth of Pelican Creek. In order to make 
much headway in this vicinity it is necessary to follow, as closely as 
l)ossible, in most cases, the lake shore or the valleys of the larger 
streams. By crossing the marshy valley of Pelican Creek rather near 
its mouth and crossing a wide belt of fallen timber, I saved two or three 
miles in the distance by the usual trail, but the time occupied in reach- 
ing my destination was largely increased. The groups of hot and cold 
springs at Steam Point and in the neighborhood are rather numerous, 
but many of them are very insignificant when compared with those in 
other localities. Like nearly all of the groups within the Yellowstone 
Park, however, they present peculiar and distinctive features of their 
own. Among these none is more interesting than the Steamboat, the 
noise of which so closely resembles the puffing of a small lake-steamer 
that one involuntarily casts a longing eye over the surface of the water 
in the hope that such is really there. This sound is produced by the 
escape of vapor, under pressure, from a small orifice in a cavernous 
opening in the rocks. A short distance beyond the vapor issues from a 
kind of cavern near the w^ater's edge, with a seething sound as it comes 
in contact with the waves, and this adds greatly to the effect, simulat- 
ing very closely the escape of waste-stcani from a boiler on a windy 
day. 

My work at the springs was completed by 4 o'clock, when I endeav- 
ored to pass in a straight course to a paint on Pelican Creek, several 
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miles above its moiitb, but I was so delayed by tlie falleu timber tbat I 
w;is barely able to reach a favorable canjpiug spot ou Sulphur Poud, 
not more than two miles in a direct liue from Steam Point, before nigUt 
set ill. I selected a delightful place at the edge of a small grove of 
trees near the month of the eastern inlet of the pond. My camp was 
npon a nell-wom game-trail, which led up a bluff within a few feet of 
the fire. Bein^ much fatigued, I turned in early, but, when fairly in a 
doze, I was aronsed by the frightened movements of my mule picketed 
near by, and I presently heard the doleful howl of a large wolf, which 
was slowly approaching along the trail. In anticipation of a trifiiDg 
adventure, I lay down again with my carbine close at hand. It was late 
in the morning when I woke, iind all was (gniet ; but a little investiga- 
tion showed that the animal had been lying in the grass at the edge of 
tlie bluff, just above my head. This locality seems to be a favorite 
resort of many animals. Our train approached it by following a promi- 
nent game-trail, at least a dozen of which, extending for miles into the 
forest, meet at this point. Upon my first visit to this place, the day 
before the passage of the train, fresh traclis and other unmistakable 
signs of their presence were visible. To-day I started numbers of elk 
while passing through the fallen timber, not far from some active 
boiling springs. This is probably explained by th« fact tbat there are 
here a number of cold springs contiiiniug sodium chloride, or common 
salt. 

During the night a very heavy mist en^'eloped the pond like ac!oud. 
It was quickly dispelled by the heat of the sun in the morning. 

Axgnat 7. — Followed up the small creek near camp for two miles and 
attempted to cross the divide to Pelican Creek, but I was obliged to 
return nearly to last night's camp, on accountof acomparatively narrow 
belt of fallen timber, which batUed my utmost endeavors to pass. 
Nearly the whole of the summit of the ridge was blocked by long wind- 
rows of blasted pines, not infrequently forming impenetrable walls four 
or five feet in height. Reaching the valley of Pelican Creek, I ascended 
the stream for two or three miles, then crossing, returned, taking Hay- 
■ ■ >-<'iilled .Snlphiir Hitis iind tlie hut sjirinErs of Lower Pelican 
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the exterior of the urinary orifice, as well as the strong skunky odor of 
the animal, I judge that it was at the beginning of the rutting season. 
It was also remarkably fat. When shot it was lying in the crotch of a 
tree, about 10 feet above the ground. Some of our Indians, who were 
then encamped upon the opposite side of the river, were rejoiced at the 
gift of the offensive carcass; Luisant remarking that it was ^^ Heap good 

August 13. — Left camp early, making a short cut through the timber 
to Pelican Creek, which we followed up along the right bank for several 
miles, until, when near some hot springs, at the junction of two of 
its forks, we struck a prominent trail, evidently that of Doctor Hay- 
den's party of 1871. This we followed for a number of miles, but left 
it before crossing the divide, choosing another route which led us over 
the ridge in another place. After struggling through much fallen tim- 
ber we again struck the trail upon the other slope of the divide, near 
the point at which it makes an abrupt descent to a tributary of the East 
Fork of the Yellowstone. From the forks of Pelican Creek the trail 
leads rapidly upward, passing a series of cascades with one interesting 
waterfall, the valley for the most part being rather broad and grassy. 
Plentiful tracks of game were noticed, but we saw very little until near 
the summit, when we met a large drove of elk and some deer. After 
reaching the south branch of the East Fork, our course lay through a 
belt of fallen timber, all but impassable for some distance, when we suc- 
ceeded in keeping clear of the greatest difficulties by following the most 
open of the very numerous game-trails high above the stream. By this 
means, however, we passed unawares the junction of the north and 
south branches, at which point I had proposed to camp for the night. 
It had been raining hard all day, and we camped at dark in the mud 
near a mountain torrent in the midst of a dense forest, our exhausted 
animals refusing to proceed farther. 

August 14. — Continuing our course, four miles of excessively difficult 
travel through marshes with tangled undergrowth and fallen timber, 
brought us opposite the mouth of Soda Butte Creek, where we met the 
well-traveled miners' trail leading to the mining district of Clarke's Fork 
of the Yellowstone. Beyond this point our ride of nine miles to Camp 
41 was comparatively easy. This we reached at 3 p. m., having traveled, 
since leaving Camp 40, about seventy-five miles. 

VII.— FROM CAMP 41, ON EAST FORK OF YELLOWSTONE, TO GARDINER'S 

RIVER HOT-SPRINGS, AND RETURN. 

This excursion, though made independently of Captain Jones's party , 
was practic<illy over the same ground, and, therefore, requires but little 
attention here. 

August 15. — Left Camp 41, with Mr. Creary, and crossed the bridge 
over the Yellowstone River. At the foot of a steep hill, which we ascended, 
about a mile beyond the bridge, three fair-sized California raccoons 
{Procyon hermandez, Wagler,) crossed our path. This neighborhood 
seems to be well supplied with these animals, as I noticed others at 
points not far distant. We reached the falls upon the East Branch of 
Gardiner's River soon after 1 o'clock. I spent the greater part of the 
afternoon in the examination of the structure between this point and 
the springs, reaching Captain Jones's camp, near the latter, towaixl 
evening. 

August IG. — Spent the whole day in the study of the springs, leaving 
our camp upon the return about 5 p. m. Being very anxious to gain 
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time, we rode tlie whole distance back to Gamp 41 the same night, ruach- 
tnfT it soon after 11 p. m., beinjc obliged to move upon a walk on aoconut 
of the darkoess and tht; fragile nature of the specimens which I had 
collected, 

VIII. — FROM CAMP 42, ON YELLOWSTONE RITER, TO HELL-EOAEING 
CBBEK, THENCE BACKWABD TO AMETHYST MOUNTAIN, RETURNING 
TO CAMP 43. 

August 19. — With Mr. Creary as assistant, I went back from Camp 43, 
crossing East Pork just above Camp 41. Here we found a trail which 
led HS, by a very direct course, to Hell-Roaring Oreek, one mile above its 
jiinctiou with the Yellowstone. On the way we met with several large 
droves of antelopes feeding upon the fine pasturage here afforded with 
much security, owing to the irregular topography, which enables them 
to seek immediate shelter upon the approach of danger. At the time of 
our visit the great antelope country along the left bank of East Fork 
was remarkably free from their presence, which may doubtless be ex- 
plained by the recent passage of several parties of miners, ^ear the 
mouth of Hell-Boaring Creek we met another raccoon, which quite sav- 
ngi'ly resisted an attack until it was forced to beat a hasty retreat. 
After spending the greater portion of the day in tbe study of the geology 
of this section, we returned to East Fork to camp, reaching a favorable 
spot opposite Camp 41 long after dark. 

August liO. — Crossed East Fork, and followed the miners' trail np along 
the left bank of the river to Amethyst Mountain, which we ascended 
nearly to tbe summit, collecting a numl>er of Hue mineral specimens, and 
returning to Camp 42, where we found a small guard in charge of supplies 
left behind by the train. We proceeded to Tower Creek and spent the 
remainder of the day in its examination, camping in its canon for the 
night. 

August 2\. — Left camp quite late in the morning, and followed the 
trail over Mount Washburn to Camp 43, on Cascade Creek, where I 
l»acked my collections and 'prepared for au advance movement on the 
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About noon we hastened by a short cut through the timber to the Upper 
Goyser Basin, examining the intervening springs by the way. Camped 
near the lower end of Upper Basin. 

August 25. — Pushed on very early to the upper end of the basin, 
leaving heavy articles near the spot designated as Camp 46. With my 
assistant the whole day was spent in a careful study of the principal 
geysers, until too dark to work. 

August 26. — Eemained in the Upper Basin until 5.30 p. m., the train 
having moved on to Camp 47. Bode until after dark, when we picked 
our way for two or three miles on foot, leading our mules until we could 
no longer feel the trail, and were finally compelled to camp about 9 
miles from Camp 46. 

August 27. — Moved on at daybreak nine miles to Camp 47, reaching 
it just in time for a late breakfast. 

X. — FROM CAMP 48 TO MOUNT SHERIDAN, THENCE TO CAMP 50. 

On thistrip Imadeoneof asmall party led by Captain Jones fr6m Camp 
48, at the southwestern extremity of Yellowstone Lake, to Mount Sheri- 
dan, a prominent elevation near the sources of Snake Biver. We left 
camp August 29, reaching a camping-spot in the vicinity of some hot 
springs at the base of the mountain, about 3 p. m. The ascent of the 
peak was made by all but myself on the following day. With consid- 
erable difficulty i succeeded in reaching a prominent point, several 
hundred feet below the summit, when I was forced to relinquish an 
attempt which had been made against the advice of my friends, on ac- 
count of previous overexertion. 

The total distance traveled by myself in these ten excursions, exclu- 
sive of that portion over the trail of the main party, was very nearly 
four hundred miles. 



CnAPTEK II. 

PHYSICAL GEOGRAPHY. 
Geaeral surface foaturea— aioantaias — plateaas or table-lands — river systems. 

While it is true that the examination of the minute topography of a 
country, the contour and forms of relief of its surface, falls somewhat 
out of the domain of the geologist engaged in the study of the past his- 
tory of the earth, it is evident tbat a thorough appreciation of the causes 
which have produced the present external configuration of our globe is 
only possible after study of the results. In otber words, we have no 
means of judging of the past except by comparison with the present. It 
becomes necessary, therefore, at the outset, to devote a little space to 
a consideration of some of the results of the action of natural forces over 
the area embraced by our •reconnaissance. Moreover, the physical 
geography of any portion of the earth's surface is closely related to its 
geology, and it is consequently necessary to examine, with some degree 
of care, the external features before proceeding to the investigation of 
internal structure. A full discussion of this subject in all its bearings 
would, however, lead to encroachment upon the field of others engaged 
upon the survey, and it is only intended in this chapter to refer to those 
features which bear more or less directly upon the solution of questions 
concerning the geology of the district. 



9C BECONNAISSANCE OF KOBTHWESTEBN WVOMINQ. 

Fen' AmericaDS at the present day are ao ignorant of the general 
topography of their country as not to know that the approach to the 
central portion of the Bocky Mountain chain from th« east is very 
gradual in most places, but it is very doubtful whether this fact is fully 
realized by those who have never visited this region, and yet the 
traveler in the West, unless he be provided with a list of elevations of 
the principal points, would scarcely be prepared to acknowledge that in 
passing westward from Omaha to a distance of five hundred miles he 
had reached an altitude of 5,000 feet above his startang-point, while 
fluparently traversing a level prairie. Soathward, along the line of the 
Kansas Pacific Bailroad, the slope is even less, averaging little more 
than eight feet per mile, while northward, near the latitude of Saint 
Panl, Minn., it is not more than two feet to the mile. 

The ridges of the Kocky Mountain system, considered separately, 
appear to trend quite irregularly, as if all attempts to arrange them into 
a general system would prove fntile, but whi^n viewed as parts only of 
a vast whole they are all seen to be subordinate ranges of a great sys- 
tem or chain, with an average northwest-southeast trend. 

The district comprising the field of our labors during the summer of 
1873 is included between the forty-first and forty-fifth parallels, and the 
meridians of 108° 14' west and 111° west. The whole of this tract is 
within the limits of the two counties of Uintah and Sweetwater, in the 
western third of the present Territory of Wyoming. For our purpose, 
though not strictly correct, on account of the convergence of the merid- 
ians northward, it may be considered in outline a parallelogram with a 
length of two hundred and seventy-eight miles, and a width of one 
huudrcd and thirty-nine miles. By reference to the topographical map 
it will, then, be seen that the parallel of 43° north divides this district 
into two eqaal squares, each containing 19,300 square miles, the northern 
division containing the bulk of the mountain-masses, while the southern 
square is proportionately free from extreme elevation, being mainly 
occupied by a continuous plateau. Again, if the diagonal from the 
northwest to the southeast corner of the parallelogram be drawn, it will 
he noticed that tlie grcittcr portion of the niouiitiuiioiis citmitry lies 
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"were simultaneouely elevated, which is not the case. It will, however, 
be conveDieut to use the name in this sense, and chiefly because the only 
portions of other determined systems which lie within this area are upon 
its borders, and have not received as much attention as the remaining 
ranges from the members of our survey. The main crest of the Rocky 
Mountain system, strictly speaking, passes tortuously across ouriield, in 
some places so nearly upon a level with the surrounding country that 
ita true course has only been determined after extended and laborious 
study upon the part of many explorers ; at other points rising abruptly 
from the plains to a lofty height, with prominent peaks towering higli 
above the mass of the chain. The eastern slope is so gradual that the 
irregularities of the crest are rendered much more noticeable than similar 
variations in chains, such as the Appalachian, which rise quite abruptly 
from base to summit, and at the same time these variations are in reality 
more extensive. This is one reason that names of purely locdl applicti- 
tiou are so common among the western mountains, being almost neces- 
sary in order to avoid difticulties which would arise from the confusion 
of the main divide with ranges which, though more conspicuous, may 
afterward prove to be subordinate to it, or even of another system. A 
glance at any ordinary map of Western North Amerio.a wili show the 
force of these remarks, and their application is perhaps nowhere more 
manifest than in the section of country now under consideration. 

The Kocky Mountain crest has been traced and mapped with consid- 
erable accuracy throughout the greater part of its winding course 
through the territory of the United States, from the thirty-fifth to the 
forty-ninth parallel. The general direction of the axis of the chain, 
northward from the thirty-fifth to the forty-first parallel, is nearly north, 
bat at this point it bends gradually to the west until South Pass is 
reached, in latitude 42° 25' north, longitude lOQo 43' west, when it is 
continued northwest in the Wind River Mountains, beyond which it 
follows a flexuous course, crossing the forty-ninth parallel ten degrees 
of longitude west of its intersection with the thirty-fifth parallel. 

The elevations of passes through the crest vary greatly throughout 
its length ; Vermillion Pass, in British America, having an altitude ot 
less than 5,000 feet, while in Colorado the pass between Gray's and 
Parry's Peaks is reported by Whitney to be 13,623 feet above sea- 
level, which is higher than any recorded peak of the divide in Wyo- 
ming or Montana. The point of greatest elevation in the Rocky Mount- 
ain crest w^ithin the limits of this survey is Fremont's Peak, of the Wind 
River Mountains, with an altitude of 13,570 feet. 

OTHER RANGES AND SECONDARY RIDGES. 

The Wahsatch range and the Uintah Mountains belong, geologically 
speaking^ to a different period of upheaval to that in which the eastern 
ranges were elevated, a conclusion first adopted by Prof. J. D. Whitney, 
of the California survey, with respect to the Sierra Nevada range, which 
was synchronously thrown up, and afterward extended to the Wahsatch 
and its parallel ranges with their connected ridges, by Prof. Clarence 
King, in charge of the survey along the line of the fortieth parallel. 
Yery little more than the foot-hills or outlying ridges of either the Wah- 
satch or the Uintah ranges lies within the district comprising our field, 
but the relations of both to the geology of this region are so close and 
important that a general review of their features will be useful. 

The W^ahsatch Mountains form the boundary between the so-called 
Great Basin and the basin of the Green River, including the upper por- 

H. Ex, 285 7 
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tioi) of tUe valley of tbe Colorado. The basiD of tho Green and Colo- 
rado Kivers is divided into two parts by the proloDgstion eastward, 
near tlie forty-first parallel, of the UiDtali Mountnins. The upper por- 
tion of this basia (t. e. the [lortion north of the Uintah ^fountains) is 
vonimonly called the Green River Basin, and the southern portion has 
received tbe name of Uintah Basin. Biaing abrubtly from tbe plains, 
the Wabsatch Mountains stand out prominently in tbe topography of 
the country, although their elevation almve the Oreen River Basin is 
comparatively small in amonnt. The culmination of tbe crest is, how- 
ever, south of the forty-first parallal in Central Utiih. A peculiar rug- 
geduess is jtroduced by the deep-cut cnitoos which abound, not infre- 
quently extending nearly or quite down to the base of tlie mountains, 
nhicb is but little above 4,0(10 feet in many places at the foot of the 
western slope. The Union Piicific Railroad in its course through this 
range, alotig the calious of Bear and Weber Rivers, nowhere reaches 
an elevation as much as 1,750 feet above its crossing of Green River. 

Tbe Uintabs present much the same general features as the Wabsatch 
Slomitains, but with less of ruggedness in outline, owing partly to the 
existence of fewer and less eroded caiious, but principally to tbe trend 
of the range and its consequent structure. It should be explained that 
tbe Wabsatch chain runs north and south with a series of parallel 
ridges separated by synclinal valleys, while the Uintah range trending 
at a right angle forms one immense anticlinal extending across a basin 
which sheds its water southward. This fact, to a student of dynamical 
geology, is alone sufilcient to account for a very large portion of the ex- 
isting topography. In the Uintah range there are several peaks with 
elevations above 13,000 feet, and tbe greater portion of the crest rises 
certainly above 11,000 feet. Tbe altitude given by Clarence King for 
Mounts Hodges and Tohkwano is 13,500 feet, and Gilbert's Peak, 
according to tbe same authority, has an altitude of 13,230 feet. 

Among the secondary ridges lying directly in our line of march, the 
Sierra Shosboue and Owl Creek ranges are the most imiKirtaiit. 

Tbe Sierra Shoshone in its present aspect can scarcely be termed a 
rfliig*^ of mountains, being more prupcrly an iriegiilar niiws of eU-' 
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be cnt through the mass, more or less, longitudinally, but the streams 
follow the general slope nearly transverse to the length of the Sierra, 
but with a very irregular northward tendency. The whole area is, to 
the last degree, rugged, and scored by numerous deeply-cut gorges and 
canons. 

From the southeastern portion of the area occupied by the Sierra 
Shoshone the Owl Creek range extends eastward as far as the Big Horn 
River. This ridge is much less elevated and generally more reguhir in 
outline than any of the preceding, although it is not unlike the LTintahs 
in some respects. The highest point is but little more than 9,000 feet 
above sea-level, while in the Sierra Shoshone many peaks exceed 10,000 
feet, and Washakie Needles, a high point north of the junction with the 
Owl Creek range, attains an altitude greater than 12,000 feet. 

Besides the foregoing there are several other ridges of more or less 
importance which require at least a passing notice. These are : 

1. The T^^ton range, a most jagged and apparently inaccessible ridge, 
with a nearly meridional trend, lying in longitude 110^ 48' west. This 
culminates in a peak known as the Grand T^ton, which is the highest 
point within the limits of our parallelogram. Messrs. Langford and 
Stevenson, of the Snake River division of Doctor Hayden's party of 
1872, report that they ascended to the summit, 13,858 feet above the sea. 

2. The Wyoming Mountains, a transverse range, trending latitudi- 
nally almost along the line of the parallel of 43^ 30' north, west of the 
main divide of the Rocky Mountains. This ridge is sometimes called 
the Green River Mountains. 

3. The Sweetwater Mountains, lying east of South Pass and trending 
eastward from that point. 

4. Far to the northeast lies the Big Horn range, concerning the rela- 
tions of which much too little is known. 

PLAINS, PLATEAUS, OE ELEVATED TABLELANDS. 

The lowest point reached during the trip was not far from 5,000 feet 
above sea-level. All that portion of country lying between the various 
mountain ranges, and partaking of the nature of plains, must, therefore, 
be classed under the head of elevated plateaus or table-lands. Of the 
19,300 square miles composing the southern half of the district under 
consideration, more than three-fourths belong to this class. The area of 
plateau surface within the limits of the northern square will scarcely 
exceed one-third of the entire area of the square. Thus it will be seen 
that the total area of table-land is not more than six-tenths of that of 
the whole district; the remainder being occupied by mountains. 

It will be unnecessary to describe in detail the several divisions of 
the plateau-surface, for they will require attention in various places in 
the following chapters, where their special features can be more fully 
discussed. Some general remarks in this place will, however, be useful 
to those who may be more particularly interested in the subject of this 
chapter, and it will also be found that some subjects will be explained 
by this means which would otherwise require much useless repetition. 

The table-lands comprised within the limits of this district, excluding 
such as are of small extent or of minor importance, are four, viz : The 
Green River plateau, the Wind River plateau, the section to which I 
shall refer as the Shoshone plateau, and the Park plateau, occupying a 
IK)rtion of the Yellowstone Lake Basin. 

The Green River plateau, as here understood, embraces the ellipsoid 
tract north of the Uintah Mountains, which, under the name of Green 
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River BnsiD, ■will be frequently referred to io tliis report, extending from 
tbe main divide of the Rocky Moantaius westward to the Wahsatch 
range and bounded on the north, io its northwest comer, by the Wyo- 
ming Mountains. For the puiposes of this review, it ia convenient to 
take as its pastern boundary ihat portion of tbe continental divide be- 
tween South Pass and the latitude of the Uintah Monntains. In reality, 
however, this is a eemi-arbilrary line of division, and the separation of 
the Green River Basin from the Laramie plains east of tbe divide is 
rather geological than otherwise. Accepting this water-shed, then, a» 
its limit, the Green River plateaa occupies an area of not less than 
10,uOU sqnare miles, its greater diameter extending from northwest to 
southeast. Its surface is now very mach broken into low buttes and 
benches with intervening vales, so that the elevation varies greatly; 
but as this configurntion has been accomplished mainly by the action of 
running water, we need now considjer only tbe elevations of the various 
divides between the principal streams. A comparison of these shows 
that the plateau, as a whole, has an average elevation of about 7,000 
ieet above the level of the sea, and that there are several points upon 
tbe plain exceeding in allitude some portions of what is generally con- 
sidered the Rocky Mountain divide. 

Tbe Wind River plateau, as the name indicates, lies upon both sides 
of the Wind River, between the Owl Creek and Wind River Mountain 
ranges, extending as a triangle from below Togwoto Pass as far as the 
Big Horn River, beyond which it passes out of the limits of this sketch. 
Its topography is even more irregular than that of tbe Green Kiver 
-plateau, and though not more than one sixth of the latter in extent, it 
■varies much more in extremes of elevation. It is safe to say, however, 
tJiat the average altitude is cons'derably less than that of the Green 
liiver Basin. Tbe whole tract lies upon the eastern slope of the Rocky 
Monntain chain. 

The Shoshone plateau, extending east of the Sierra Shoshone and 
north of the Owl Creek Mountains, is irregular in outline as well as in 
its topographical features. In general shape it approaches the form of 
V ijuiidraMKlf, with its leiifttli in a north and south dirt't-tiun. 
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timber and other vegetation, which is doubtleei& a result of the more 
abundant supply of water. Its topography i^* poore rounded and regu- 
lar than is the case upon the "plains" before aHif^ed to. 

BIVER-SYSTEMS. "*.:'- 

9 

In this rapid review of those physical features of ilie water-courses 
of Western Wyoming, upon the cognizance of which a'fuH. understand- 
ing of many points in its geology depends, it will be akivahtageous to 
narrate the facts, as nearly as possible, in their geographical order, that 
they may be the more readily compared with the general topography as 
previously indicated. The whole of the district being highly^d'^yated, 
we shall meet only with the headwaters portion of the great"^ mcr-sys- 
tems, but the number of the streams will be large. ^'--J"..: 

In the extreme southwestern corner of the Green River plateau, ^the 
junction of the Wahsatch and Uintah ranges forms a double wate?*. 
shed, which, according to the laws of the composition of forces, caiw^- . 
the resultant stream to flow oft' in a direction west of north. At this/ . - 
point rises Bear River, which pursues its tortuous course northward be- 
tween the parallel ridges of the Wahsateh Mountains, occasionally cut- 
ting through them, until it reaches latitude 42o 42' north, at a point about 
thirty -five miles west of its source, when it turns abruptly southward 
and works its way out of the range upon the western side to pour its 
contents into the northeastern prolongation of the Great Salt Lake, 
known as Bear River Bay. East of the main sources of Bear River the 
watershed from the Wahsatch Mountains is unfelt, and the streams run 
northward, escaping to the plains nearly at right angles to the Uintahs. 
This is notably the case with Black's Fork, which rises well up in the 
Dintah Mountains, and, in a lesser degree with Muddy, Smith's, and 
Cottonwood Forks, which have their sources nearer the plains. East of 
these is Burns' Fork, and other tributaries of Henry's Fork start north- 
ward, but joining Henry's Fork, and finding no immediate escape from 
the mountains, they follow its canon eastward, which receives all the 
mountain-streams along its course to the junction with Green River. 
All the streams originating east of the sources of Bear River, upon the 
northern slope of the Uintahs, flow directly or indirectly into Green 
River. The main sources of Green River, however, originate upon the 
southwestern slope of the Wind River Mountains, but it receives im- 
portant tributaries from the east, and several, which come in from the 
west, rise in the outlying ridges of the Wahsatch Mountains, north of 
the Union Pacific Railroad. The main river flows across its basin in a 
general southeastern course. Green River and its tributaries may be 
said to drain the whole of the plateau, for the streams of other systems 
merely catch a i>ortion of the surplus water from the corners, and, 
although in each case a source of an important river, they do not to a 
great extent determine the main course of their systems. The.y are, 
\ however, peculiar and important for some reasons, but it will be unnec- 
essary to dwell upon them now, as they will be more fully treated in 
another chapter. 

Passing to the Wind River plateau, we find that it is almost com- 
pletely drained by the Wind River system, which receives nearly all 
the precipitation between the crests of the Wind River Range and the 
Owl Creek Mountains. All the tributaries of Wind River, with their 
affluents, which rise near the nucleus of the Wind River range, emerge 
from the mountains through narrow caiions in the outlying ridges, cut 
at right angles to the axis, or nearly so ; hence it may happen that the 
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separatesourcesof one^tliese rivers origiDate many miles distant from 
eacb other, andflotr tQgeiber from nearly opposite directions, until they 
meet to puss to tbe.p^'ils as one stream, by a narrow gatevay, as it 
weie. Near latitti(],6.43o north, longitude 1080 30' west, the Wind River 
turns abruptly nort^Aanl, puruuiug a very direct course to itis janction 
with the Yi-llovis'tp'ufi Eiver. Beyond this beud it is known as tlie Big 
Horn River. ^i^';tributai-ie8 of the Big Horn which rise in the Sierm 
Sboshone, vii.'-'Qwl Creek, Meeyera and Gooseberry Creeks, Grey Bull 
and Stink iij'fr ..Water Rivers, pursue a general easterly course, with a 
northwi^rd tendency, the latter increasing aud continuing so thatClarke's 
Fork, tbe*4iaiii Yellowstone below the lake, the three forks of the Mis- 
souri, &c-,jii'6 found to flow almost due north for a considerable dis- 
tance^ /(The sources of the StinkiDg Water are so far to the west of the 
niotj^-^Mthern tributaries of the Big Horn that it drains a very liirge 
proi)<rction of the whole Sierra Shoshone, its branches exteJiding far to 
[hv tfouthward of the main head. Still fartlier to the south, however, this 
riaiige is drained by some of the headwaters of the Snake and Upper 
/•.Yellowstone Rivers, and it is in the vicinity of the poitit where these sev- 
''eral streams originate that wo have that peculiar watershed which has 
been not inaptly termed the "Crown of the Continent." 

The preceding review gives but the bare oatlines of the physical geogra- 
phy of a most interesting region, and many subjects have been passed 
by without notice, while others have received but little attention; but 
enough has been written to make a detailed review of the geological 
structure of the region more comprehensible and valuable than it could 
be without a general knowledge of the facts related iu this chapter. 

There are many of the finer features or lineaments of the surface, par- 
ticularly iu mountainous countries, which are apt to be overlooked or 
lightly treated because of their apparent insignificance ; and yet it not 
unfrequently happens that carel'nl scrutiny will prove that they have 
been instrumental in shaping the ontlinesof avast expanse of territory. 
It would be interesting to review these in a chapter by themselves, 
but it has been thought best to defer special mention untd they can be 
more carefully not^ iu connection with the subject of dynamical 
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oonntries; and particalarly will it depend upon their relations to the 
formations of neighboring districts. 

Fortnnately for the writer, the explorations which have been made of 
late years in this region, under the direction of Hayden, King, and 
others, have rendered the tracing of the latter class of relationships 
mnch less diflteult and more certain than could have been the case under 
less favorable circumstances. Although much yet remains to be done 
in various directions, it is but due to these men that grateful acknowl- 
edginent should be made of the value of the information which has been 
derived from the perusal of such of their reports as have been consulted 
in the preparation of this treatise. 

To show at a glance the proper relations of the geological formations 
of Wi38tem Wyoming, theaccomi)anying synoptical table of the deposits 
of the various e)>ochs has been prepared, giving the formations repre- 
senting them in different parts of the world as the^^ are commonly named, 
in which one column is devoted to the deposits now to be described. 
Tliis table is so arranged that each formation is placed in its proper 
relative position to <all the others; at least, so far as it can be done with 
oar present knowledge of the strata, and beyond this no explanation of 
its use is necessary-. 

METAMORPHIO ROCKS. 

The question naturally arises, what is the earliest act of which any 
leeord has been diiicovered within the territory embraced by the recon- 
naissance f Such records mnst evidently be sought in the lowest rocks 
which are exposed over this area. It is now scarcely doubted that our 
globe has passed from a gaseous condition b^' successive stages to its 
liresent fonn. 

Accepting this view, we are prepared to find that many of the rocks 
^hich were formed <luring earlier stages of the e^irth's history have 
been greatly altered since their deposition by the various kinds of action 
to which they have been subjected. Wherever, then, as in some parts 
of the district under consideration, sufficient force has been employed 
to rend apart or wear away the superincumbent strata, but without dis- 
turbing their relative positions, we may expect to meet with exposures 
of the underlying metamorphics. These exist in quantity throughout 
the region of the Rocky Mountains, but they are not well exposed in 
all of the ranges. In that portion of the Uintahs visited by the writer, 
they are mostly concealed by the overlying purely sedimentary rocks, 
as they are also in the Owl Creek range, though in the latter one or two 
fair exposures were noticed by Captain Jones from the summit of Phlox 
Mountain. In the Sierra Shoshone, it is almost impossible to determine 
whether the metamorphic series ever came to light ; for, with few excep- 
tions, the whole section is now covered by a formation which has been 
deposited since the elevation of its primary ridges. Tlie Wind River 
Moantains furnish abundant opportunities for the study of these rocks, 
however, and they are extensively exposed in the Wahsatch range, 
aecordinir to the reports of Clarence King, Hayden, and other geolo- 
gists. The central ])ortions of the Rocky Mountain system, or, more 
properly, the crests of the Rocky Mountain chain, furnish the best ex- 
f08ure»of these rocks. 

In the Wind River Mountains, as in most other portions of the Rocky 
XountUBS, the nucleal rocks occupy an irregularly -exposed belt along 
tiie axHd line of the range. It is at least doubtful whether any true 
Ifmeomf loeks are here exposed ] for the gradations between the compact 
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and tlie gaeissoiil granites, and brtween the latter and tUe gneisses and 
Sf^liists, are so dose as to point towanl tbe aqueous or sedimentary ori- 
gin of tlie wliole series, At any rate, tliero can be little qaestion tbat 
the exposures of purely igneous rocks, if any esial, are of very limited 
extent. It will, tberefore, be convenient to consider tbe whole series as 
composed of metamorphic rocks, althongli the massive granites are so far 
cltanticd from their original condition as to bo structurally inseparable 
from igneous granites by any method of analysis known at present. 

The rock mo«t nearly approaching the igneous is a compact, flne-tei- 
turcd granite, containing an nbnndance of mica, apparently tnuicorite, 
will) more or less of black ii(ot(fe distributed through the mass; tbe lat- 
ter, in phices. becoming so nbnudiint as to give character in color and 
mode ot weathcriug to H(>[>art)te jwrtious of tbe rock. These granites 
seem to he associated with gneisses and gneissold granites, varying con- 
siderably in texture and eomposition ; and these again pass somewhat 
gradually into the metunior|>hic schists, u|>on both sides of the auticlina]. 
Beds of quartz and reddish and llesli-eolored j'ehlspatliic seams are met 
with, and qnaHz veins traverse the slaty metaniorphics, charged with the 
gold which is mined in the neighborhood of South Pass. Suuie portion 
of these metamorphic rocks contains, besides the magnetic iron,(Fes04,) 
which is abundant, garnets, mostly quite small, but occasionally of fair 
size. These were accidentally discovered in large quantities in the bed 
and alluvial bottom of the Sweetwater Kiver, at CampIS, The feldspar 
seams in this section nre mostly filled with nuggets, as it were, of inn«- 
covite. The quartz, in many instances, is quite pure and white; ia 
olliur cases it is darker colored and frequently contaminated by the 
decomposition of i>yrite8. 

Beginning below, or at the centerof the mountain-nucleus, we have 
tlicn the following succession of the mctauiorphic rocks: 

1. <jray and reddish granites, with musses of black interspersed. 

2. Gneissoid granites, passing through gi'nuituid gneiss to — 
•3. Gneisses of varying compoxition and feldspathiu seams. 

4. Metamorpliic slates and schists, with quartz veins containing gold 
and silver. 
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thai a portion of the granites are igneous intrusions, or, rather, it shoald 
be said that there is less evidence to the contrary ; and yet, upon the 
whole, I am strongly inclined to the opinion that they are no less meta- 
morphic than those of the nncleas of the Wind River Mountains. Here 
we find the same general characteristics, with a similar succession of 
gueissic and schistose rocks, wherever full exposures can be reached. 
There is this difference, however, that not only the overlying metamor- 
phic and sedimentary beds, but the granites themselves, bear traces of 
further change, owing, probably, to the subsequent ejections of molten 
volcanic products, which have flowed over them. This view is partially 
supported by the fact that in this region there occur granites com- 
posed of the same varieties and proportions of mineral ingredients as 
some from the Wind River Mountains, but differing in their arrange- 
ment, and consequently in texture. This feature is also noticeable in 
many of the micaceous sandstones, and in the schists, which have become 
more friable, and, like some of the granites, have the appearance of 
having been burned or baked. Quartz veins of various sizes occur 
in these rocks, and gold has been obtained from some of them in what 
appears to be a continuation northward of this system of ndges. 

Between the Two Ocean Pass and Togwote Pass there are exposures 
of a metamorphic group, which undoubtedly represent the ridge of some 
mountain-range or its spurs, though it is a difficult matter at present to 
define its relations to the main chains; and the same remark will apply 
also to the section just discussed. Here, again, the same conclusions 
may be drawn from facts quite similar; and such trifling differences as 
are found to exist between these formations in the two localities may, I 
think, be readily reconciled by referring them wholly to differences in 
the amount of the pre-volcauic erosion. This will be rendered more 
apparent as we proceed, as it will be necessary to refer more than once 
to the evident changes in texture which have been produce^ in the rocks 
by the outflow of the later igneous material from volcanoes. 

Age of the metamorphics. — Sufficient data for determining the exact age 
of this series have not been collected; nor is it by any means certain 
that this can ever be done. On accoont of the complete change which 
most of these beds have undergone since their deposition as sediments, 
it is possible that future research can do little more than to extend 
downward the series of rocks of known age by the transfer to it of one 
or two restricted groups from the upper beds of the metamorphic series. 
The structure of the Wind River Mountains is, however, so regular that 
it affords convincing proof of the relative age of such of these beds as 
are exposed in the nucleus of that range, at least in one direction. In 
other words, although it would be unwise to assert that they are identi- 
cal with either the Saint John's, the Huronian, or the Laurentian sys- 
tem, as elsewhere known, without a wider knowledge of their relations, 
we may confidently affirm that no portion of the whole series was de- 
posited later than the formation of the Potsdam sandstone in the Rocky 
Mountain region. There is a possibility that the comparison of facts 
from a large number of localities in the West may hereafter lead to some 
very interesting developments concerning these undetermined rocks. 
Certain it is that the succession of the strata throughout the Rocky 
Mountains is remarkably uniform, and a careful examination of the 
metamorphic rocks over an extended area would do much toward un- 
raveling their history. Uniformity of lithological characters over broad 
districts is rare, even when the metamorphosed rocks were originally 
identi(!al in composition, because slight diflerences in the amount or 
quality of action or resistance may cause great differences in the results. 
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Tbere are some slight reasons for plaeiog a portion of the oldest of 
tliesu rocks in a group nearly equivalent to the Laurentiaii system of the 
East, but it must be confessed that Doue of them are based apoa macb 
better fouticiation thau » certain similarity to that formation in litho- 
loffival characteristics. Tbeir position u[>on the stratigraphic chart is, 
therefore, entirely provisional. 

SILUBIAN SYSTEM. 

As before remarked, no proof has been obtained of the existence in 
reeo$;nizable form of a set of beds which e.in be referred to the horizon 
of the Saint John's grouji of the Canadian geologists ; although it is not 
impossible that some of the upper beds of the metamorphic series may 
be of that age. So far as caa be determined from the hasty review 
which is rendered necessary in a simple reconuaisaance, there are few, if 
any, indications of u n con fonn ability between any of those lower beds; 
bnt tbiHisaquestiou which can only be settted after careful oxaminatioa 
over a wide space. In the valley of a small branch of Beaver Creek, at 
a point where the overlying sandstones have been cut through, the meta- 
morphic slates appear in such a manner as to suggest unconformabiltty 
between themselves and the Lower Silurian sandstone, bat the exposure 
was so narrow and weather-worn that it v^os impossible to determine the 
physical relations of the two groups to each other. In most iocalities, 
the sub-sedimentary beds dip at a much greater angle than the overlying 
rocks, some of the former being very nearly verticiil, while the adjacent 
strata are mnch less inclined. This, of itself, is not suf^cienc to prove 
the miconfonnability of deposition, however. Until we know more of 
the rocks comprising the metaiHoiiihic series, this subject of their "lie" 
is of minor importance, though it will be of consequence in determining 
their geological relations. One great difficulty in working out such pro- 
blems in connection with a reconnaissanco is that the route Yif the ex- 
pedition must necessarily lie through the least rugged portions of the 
country, in which the geological structure is frequently obscured by drift 
and other later formations of mere local extent. 
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accoinpauying liis report in connectioa with the expedition of Col. Wm. 
F. HaynoUls, published in 1869, this formation is represented as an irreg- 
ular band bounding the nuclei of all the prominent monntainranges. 
In the colored map which I have prepared to accompany this report, 
some modifications have been made in the distribution of these rocks, 
in certain sections, but they are not of sufficient importance to call for 
special notice. Unfortunately', though satisfieid of the age of such rocks 
as I have referred to this formation by reason of their order of se- 
quence, and their lithological features, I was unable to obtain any fossils 
from any of the exposures along our route. 

In the Wind River Mountain district, there is a succession of beds of 
a loosely granular, almost friable sandstone, varying in color from red or 
brown below to white above ; in texture, from a mere loose aggregation 
of the siliceous particles to fairly compact sandstones ; in structure, from 
thinly-laminated or obliquely-laminated to thickly-bedded massive rock. 
The parallelism of these beds with much of the Potsdam sandstone of 
the East, even to minor peculiarities, is quite remarkable. The follow- 
ing statement concerning this formation is taken from the Wisconsin 
Eeport, (Hall and Whitney, vol. 1, 1862, page 141,) being a i)ortion of 
Prof. J. D. Whitney's contribution to that work : 

The lower sandstone occupies the same position as the Potsdam sandstone of the 
New York geological snrvey, and is the exact equivalent of it. As developed in the 
Northwest, and especially in the State of Wisconsin, where it occupies a largo extent 
of surface, it is made up of an almost chemically pure siliceous sand, in minute grains, 
hardly larger than a pin's head, which are held together by the minutest ]>o8sibIe 
quantity of a calcareous or ferruginous cement. Frequently even this small quantity 
of cemeutin^-material is wanting, so that the rock can be readily crumbled between 
the fingers, like a crystalline granular sugar. Where the ferruginous material, which 
is the peroxide of iron, becomes more abundant, so as to form 2 or 3 per cent, of the 
mass, the sandstone acquires a dark-brown color, and frequently affords a solid and 
durable building-stone. 

l?his description will apply to the rocks of this group along the east- 
ern slope of tbe Wind River Mountains. In the same relative position 
to the metamorphic rocks, there occurs, in the valley of Lava Creek, 
along the western base of the Sierra Shoshone, a thick formation, com- 
posed mainly of a compact red sandstone, almost a quartzite, portions of 
it being entirely made up of coarse grains of bright quartz, with quite 
small quartz pebbles distributed irregularly through the mass. Hay- 
den also mentions a similar outcrop east of South Pass; and other 
exposures of apparently the same group as that on Lava Creek are 
referred to by Hayden and Bradley in the report of the Department of 
the Interior survey of 1872. The rock seen upon the right bank of 
Lava Creek is very hard, but it has the appearance before noticed of a 
partially-metamorphosed sediment, a^ if it had been modified by the out- 
flow of the eruptive material, which has largely covered this section, 
and its imperfect jointing and consequent mode of weathering have 
probably been induced by the same cause. 

Other geologists have described beds of this formation in other sec- 
tions, and their remarks will often be found to apply almost equally as 
well to the exposures along our route. Emmons and the Canadian 
geologistSi as well as Hall, Owen, and others, allude to peculiarities of 
this sandstone and its associated rockR, which are strikingly repeated 
in the Kocky Mountain region. Among these may be mentioned the 
peculiar lamination of some of the harder brown beds, which contain 
a considerable quantity of the ferric oxide cement. A short distance 
beyond Miners' Delight, the present wagon-road from Camp Stambaugh 
to Camp Brown passes through a hollow, upon the edge of which the 
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reddish-brown beds are exposed and weathered iQ such a manner aa to 
present something of the appearance of crowded shelves in tiera. This 
is roughly represented in Fig. 1, which is a diagrammatic section in the 
direction of the ttrike of the rocks. 




Fig. I — 3t;le of weathering of cliflb of Postdam enndstone, Wind River Honnt- 
aiiiH, Dear Miuen' Delixbt. Tbelioea all represent the nneroded portioae : theepKcea 
l)ctn-eea repKBeotiDg the eroded portiooi. A xioTtion of one stratum ooly is shown, 
bcuce there aie no lines of heddiog. 

This form of weathering is donhtlesa owing partly to variations in 
the teztnre of the rock, which have pro<)uced the lamination or aiterna* 
tion of tlie fine and ooarso materials, bat, also, to other i)ecaliaritie8 
induced by the erosive agencies. 

The greatest tliickness of the Potsdam sandstone over the area 
described is about 200 feet, in the region of the Wind River Mountains. 
All the beds bear evidence of deposition in shallow seas, or upon 
beaches or sanddats. 

QtTBBEC OBOUP. 



Above the Potsdam snndstoiifi 
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an error, but it was based npon an examination of well-exposed sections 
at each cad of the raof^e, and tliere are some indications of tlie tbinning- 
out of tbe Calciferoiis beds in the ueighborbood of South Pass, which 
would partly justify bis opinion. West of tbe Rocky Mountain divide, 
beds of tbe age of the Quebec gronp have been observed by botli 
Hayden and Bradley ; bat, as is the case in several places on onr trail, 
the supposed Potsdam is also to be seen immediately overlaid by rocks 
of more recent date. 

The beat exposure of these rocks which was reached durine our trip, 
and, in fact, tbe only one from which the main facts were gathered, is 
situutixl near tbe central portion of the Wind Biver Moantaius, a little 




south of west from Camp Brown. Tbe connection with the rocks below 
is entirely obscured by heavy dritl-deposits, as will be seen from the 
accompanyuig section taken at a point where the overlying beds have 
beeo worn away, (see Fig. 2.) The thickness of the ex^wsed Qnebec 
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limestoDes is about 200 feet, which will coostittite two-thirds of its 
whole amount, if it be true, as sapposed, that there is only a thickness 
of 200 feet of Potsdam sandstone between this formation and the meta- 
lunrphic series, hut which is not exposed in this section. 

This supposition is not of much vatne,for there Is nomeansof deter- 
niiuiug from this sectiou the nature of the 300 feet which is covered by- 
drift. One thinji, however, is certain : there is nowhere in the Wind 
Eivor range such a development of this foroiatioR as is re[M)rted by 
Bradley from several localities farther west, nnless it be in a very 
restricted section. 

The nxjk varies somewhat in compositiou aod texture, but in general 
it may be described asa. fcrruus-miiguesiiin, or doloinitic, limestone with 
iin oolitic structure, although large portions of it are not oolitic. In 
some of tiie layers there is a considerable amount of siliceous material 
intermixed with the calcareous, aud occasionally there is a bed which 
might better he called a calcareous sand-rock. Local hands or streaks 
of ferruginous shale are common, in some iustauces almost constituting 
separate layers, but generally irregularly dispersed through the lime- 
stones. 

The greater part of the silica, which is contained in the dotomttie 
limestones, is exceedingly flue, but there is scattered through the rock 
a small amount of what appears to be the minute fragments of some 
silicates of black and orange-red colors. Occasional globniar masscsof 
pifriteH (Fe Sj) are found distributed through the oolite, and "drnsy" 
cavities lined with rhombohedral crystals of caJcite are very common. 
Slauy of the fossils seem to be connected with the mineralization of the 
rock by tbe introduction of special ingredients in the place of their 
GompoEient minerals. Tbe change of the calcic carbonate of the shells 
to dolomite, and the altenition of other shells into ferric oxide, or the 
filling of their cavities with the same mineral, are of common occurrence, 
and ill some layers a species of TAeca(T) is now almost invariably largely 
composed of a green mineral resembling glauconile, (silicate of iron.) 

Organic contents. — The beds of the Quebec group in this region con- 
Miii iiii ahLiiidiiiice of fo.-isil ri'niaiiis of u Linvcr Silurian casi, such as 
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in Chapter I, proved very fortunate, as it resulted in the discovery of sev- 
eral important groups of strata not heretofore suspected in that region. 
The junction of the Quebec group with the underlying formation is still 
unsettled; but very near the section shown in Fig. 2 its connection with 
the formation above is rendered plain by an exposure, which shows the 
two groups in contact. Fig. 3 is a section illustrating the prominent 
facts as there exhibited. 

Several other outcrops of a similar limestone along our trail have been 
referred provisionally to this formation on account of their relative 
position to other beds. Near the summit of the Owl Creek range, where 




Fig. 3. — Section showing the connection of the Niagara and Quebec formations, Wind 
River Mountains. 

we crossed it, there is an exposure of compact crystalline limestone, 
overlying a tliinly-bedded shaly rock, which does not greatly resemble 
the limestones of the Quebec group lithologically, but which may be of 
the same age, though there are, perhaps, better grounds for considering 
it of later date. There are several exposures of thick limestone forma- 
tions in the valley of the East Fork of the Yellowstone which have 
yielded no paleontological evidence of their true horizon ; but, as they 
appear to lie not far above the metamorphic series, it seems more 
likely that they were deposited during the Niagara period than that 
they are of Carboniferous age, the rocks of which in this region they 
do not so closely resemble. 

On Lava Creek, a locality before mentioned, the red sandstone which 
I have referred to the Potsdam epoch is directly overlaid by limestones, 
the upper portions of which are probably of Upper Silurian age, being 
very similar in many respects to the fossiliferous Niagara beds of the 
Wind River range. This opinion is strengthened by the discovery of a 
co-incident arrangement of strata in the neighborhood of the T6tou 
range, forty miles west of this point, by Prof. Frank H. Bradley, geol- 
ogist of the Snake Eiver division of Doctor Hayden's expedition of 
1872. 

The lithological characters of this formation are very similar to those 
of some of the more eastern rocks of the same age. It is possible that a 
few beds of an arenaceous nature will eventually be included in the 



112 BECOKKAISSUtCE OP NOETHWESTEEN WVOMINO. 

group, but, so far as its limits have been determined over the area 
wliiub WH are discussing, it is entirely made u|> of a compact cherty dolo- 
mite of a color varying from wbite to gray or light-drab. Some portions 
of it are ioclined to weatber brownisb yellow, but much of it ouly 
as-siiuies a darker gray color upon exposure to atmoapberic ageocies. 
Large masses of the dolomite frequently weather into tnrreted or castel- 
lated l'(triiia, and sometimes huge blocks are left standing by themselves 
or tumbled down steep declivities into the ravines. Caverns of various 
sizfs are also not scarce, affording fine shelter even for qnite large ani- 
mals. 

Beantifnl siliceous crystjils are abundant in the rock in " drusy" cavi- 
ties, many bl' them Iteing highly ferruginous, while others are opalescent, 
and some are concretionary, with an agate atructnre. Portions of the 
rock ahi also traversetl by tbiu x'eiiis of chalccdouy, interlacing and 
studded with minute and brilliant crystals of quartz. An occasional 
fossil ia almost completely trtiusformed by this process. Modules or 
iliikes of liornstone are also found sometimes approacbing in color the 
carneliaii. 

Organic contents. — Unfortunately, some of the most characteristic fo8- 
siU belonging to the rocks of the Niagara period are not snfficiently cbar- 
actei iistie of a single formation to enable one to refer the beds cOnteining 
them to their exact horizon. A cursory glance at the specimens collected 
in 18T3 might cause considcrabledoubtwhetlier these beds would not be 
as appropriately regarded as synchronous with the Clinton limestones 
of tlie East, but a inoro careful review of all the evidence shows that the 
iiHlnities are largely in the direction of the moi-e recent limestone of the 
Niagara epoch. In the interior basin, in the valley of tbe Mississippi, 
where the limestone- beds are more extensive than at points farther east, 
tbe littiological features, the mode of weatheriug, and other character- 
istics of the Niagara limestone strikingly resemble the peculiarities 
which have just been described. But the comparison does not end bei'e, 
fur the character of the fossils also points to the more recent date of this 
formation iu the Rocky Mountain region. 

" ' ' most comuiun organic remains are those of the well- 
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*' Strange as it may appear, I am unable to refer it to any other tban 
Spirifer cameratus, from the ordinary forms of which it differs consider- 
ably. The characters of the specimen are certainly obscure, and the 
determination may admit of doubt; but * * * I should give it the 
relations I have indicated, and, if not Sp, cameratus^ it is to me unknown 
at the present time." It is probable, therefore, that the Devonian sys- 
tem is not represented by any considerable formation in this section of 
the West, although there is a wide field for research here ; and, if this 
view be correct, the development of the Upper Carboniferous is quite 
remarkable. 

CARBONIFEROUS SYSTEM. 

Above the Niagara limestone, there is a well-developed and wide- 
ly-distributed formation, which was early referred to the Carbonif- 
erous system. Beds of this age are quite generally exposed all along 
the iiauks of the principal ranges of the Rocky Mountain chain, and 
occasional exposures of beds, which are usually considered synchronous 
with them, occur in many places west of the main crest, where it is often 
difficult to determine their relations to the adjacent rocks. Recent dis- 
coveries have made it doubtful whether such reference lias not too often 
been based upon the previous supposition that there were no beds in 
this region between the Potsdam sandstone and the Carboniferous 
rooks, so that it is possible that some outcrops of an earlier date have 
been inadvertently reported as of Carboniferous age. 

SUBCARBONIFEROUS ? ! f LIMESTONE. 

The limestones of the Carboniferous age, flanking the ranges of the 
Rocky Mountain system, with one or two exceptions, have been generally 
regarded as of the horizon of some portion of the Carboniferous period, 
(the terms dge and j>emci being technically employed here.) In another 
place,* the writer has expressed the opinion that this formation, as 
exposed in a portion of the Wind River Mountains, north of SQUtb 
Pass, is of Subcarboniferous age. That statement was made from a 
review of the notes taken in the field, without the opportunity of further 
examination of the specimens collected, and it is now so far modified 
as to be less confidently expressed, for reasons which will presently 
appear. 

The rock in question (the arenaceous beds before mentioned being 
excluded from the present review) is a bluish-gray dolomitic limestone, 
quite compact and thickly bedded, with numerous crystalline facets and 
geodes of calc-spavj besides occasional nnnute crystals of some foreign 
minerals. Some beds which seem to belong to this age are exposed in 
the canon of the North Fork of the Stinkingwater River, showing, in an 
interesting manner, the effects produced by the molten volcanic outflows, 
portions of which have passed in between the upturned layers, trans- 
forming the sedimentary rocks into forms with peculiar characters. 

Organic oonimits, — Much of this limestone is quite fossiliferous, but 
there is so little diflerence in the mineral composition of the rock and its 
contained remains that it is often difficult to procure specimens which 
can be readily identified, and this difficulty is not lessened by the irreg- 
ular manner in which the fossils are crowded together. Several re- 
corded specimens, containingremains from a favorable locality, have been 

• In a paper " Ou the (Geology of Western Wyoming," by Theo. B. Comstock, pub- 
lished in the American Journal of Science and Arts, vol. yi, December^ 1873. 

H. Ex. 286—8 
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lost, SO that the material on baud for final determiaation is far f^oiii 
complete. Among tbe missing were a crinoid of the getius Poteriocri- 
jufs .* aiidtwoorthreespecimenHof £i(Ao»(ro(ion, rr recorded in the field- 
notes. If ray <let«rmiaatiou8 of the remaining forms are eomjct, this 
limestone also contains Spiri/er bipli^atus, and a ckonetea closely allied to 
C. variolata. 

By some this might be deemed enfOcient ground fur tbe omission of 
tbe iuterrogatioD-marks after the word Sabcarboniferous at the bead of 
tliis section, but in view of tbe novelty of such a designation, as ^ell 
as tbe doubt, which mast be confessed, as to the validity of all tbo 
determinations, it is beat that it staonld stand as it is. 

There is also another reason for doubt. It is known that limestones 
of the age of tbe Ooal-Measures occupy the position of tbia formation 
over a very large area in tbe mountainous region of tbe West, and it is 
difficult to imagine such a state of things as wouldhave been necessary 
for tbe deposition of a.restricted Subcarboniferous group immediately 
followed by a period in which thu absence of any deposition was geo- 
graphically identical, without some marked evidence being visible in 
tbe arrangement of tbe strata. So far as knownjat present, there is no 
ground for tbe belief that there is any break of this kind structurally, 
unless it be that an observed cbauge in tbe character of soine of the 
Carboniferous beds in the Big Horn range, reported by Hayden, may 
indicate a difference in horizon. As tbe subject now stands, it woald 
be unwise to press too strongly an opinion of the Subcarboniferous age 
of this group; and it will be best to regard the whole series as Upper 
Carboniferous, according to previous authorities, until the matter can 
receive more thorough iuvestigatioui 

OAEBONIFEEOUS LIMESTOKE. 

Near tbe head of Wind Uiver, overlying confoTmabl; the Subcarbon- 
iferous T limestone, there is a thick formation of arenaceous and calca- 
reous beds underneath the brick-red sandstones nsually regarded as 
Tiiassic, TowanI tbo biisi'of tho group, from a, non bomogf iieun.s dark- 
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Wind River Mountains. The entire absence of coal and the prevalence 
of calcareous strata, as well as the widespread distribution of the forma- 
tion, all point to the existence of an extensive sea of considerable 
depth during the period of their formation ; and no evidence has thus 
far been collected of a shore-line in any part of this region during the 
era in qneation. The upper limestones are massive and very compact, 
forming prominent ridges, with even, well-worn slopes, while the under- 
lying strata are more thinly bedded, being usually less calcareous. 

Organic contents. — Besides those already mentioned, no fossils have 
been identified. But few opportunities occurred of obtaining a good 
supply, and the general toughness of the rocks renders it difficult to 
procure them in excellent condition. As a rule, they are much crowded, 
and poorly preserved also. 

OBSERVATIONS ON THE PALEOZOIC STRATA. 

There is yet too much to be learned concerning the geology of our 
district to make an^^ but the most broad generalizations useful, but the 
results of this expedition, in a geological way at least, will prove barren 
indeed if they do not furnisft future explorers with a few hints of some 
of the unsolved problems yet remaining, that they may know w^here to 
seek for new facts for their elucidation. 

It has been already remarked that the Potsdam sandstone and the 
Carboniferous limestone are widespread formations in the region of the 
Rocky Mountains, and that over the greater portion of the area east of 
the main divide these two formations have heretofore been reported in 
contact. Knowing now that several other formations intervene in cer- 
tain sections, it is natural to seek a reason for their apparently local 
distribution. Two or three explanations are suggested by the facts as 
far as they have been gathered. First, it will be noticed that few com- 
petent geologists have traversed this region, even in such a manner as 
to collect all the data necessary for the mere tracing of the prominent 
outcrops of the successive formations, and none have been able to 
obtain more than a bare outline of the geological structure of any 
portion. It seldom happens in a reconnaissance — and territorial surveys 
are usually nothing more — that one can obtain information to any ex- 
tent at a distance from the trail of the expedition ; and the route pur- 
sued must Of necessity be mostly away from the rugged country, making 
it impossible to rciich the most instructive sections in all cases. Thus 
it may have happened that many exposures of the Quebec and 
Niagara strata have been entirely overlooked. This supposition, how- 
ever, to one who has engaged in western field-work, will have little 
weight, and the wiser conclusion will be that such strata do not exist 
where they have not been reported, except it may be in small patches. 
But there is another question which is not so easily decided. Did these 
formations once sprea!d over this whole area, or were they deposited in 
patches as we suppose them to exist at present? An examination of 
the limestones and tkf^if fossils shows that they were deposited in saline- 
waters of consideral^ depth and extent, as a sea or ocean. Moreover, 
during the Quebec epoch the shore need not have been very far distant 
from the present position of the Wind River Mountains. A compari- 
son of the statements concerning that group in this chapter with the 
reports of Hayden and Bradley shows that this formation rapidly 
thickens westward, while there is no doubt that it thins out southward 
and eastward, so that it is very thin, if not entirely absent, in the vicin- 
ity of Miner's Delight. The same features are noticeable with the 
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Niaf<:ara dolomite, ^hicb, as before Btated, probably extends fartber 
eastward thao the Quebec group. 

If tbia idea be correct — and it seems well supported — tbere was an 
aucieut sboroline during the deposition of the Quebec and Niagara 
groups, of uncertain trend, but a portion of which lay near the longi- 
tude of South Pass. This opens a new field for research in this region, 
one which will doubtless odd much to the great mass of facts which are 
now lielptug ot) the settlement of the theories of mountain eleratioD, 
and it also suggests the possibility that the history of the fitr-past iu 
tbe West is not as simple as many have believed. 



CHAPTER IV. 

STKATIGKAPHY, COKTINUED— MESOZOIC AND TEETIAEY. 

— Age of the lignito 

We have seen that over mach of the region north and west of Sooth 
Pass the earlier Paleozoic rocks were deposited in a sea at first shallow, 
bat somewhat gradually deepening until toward the close of the epoch 
of the I^iagara dolomite, when comparatively shallow seas were the 
rule. During a considerable portion of the Devonian and Carboniferous 
itges, it is probable that dry land existed over at least a portiou of this 
region ; and east of tbeBig Horn River, it would seem that, during mnch of 
the era between the deposition of the Potsdam sandstone and the Carbon- 
iferous beds, the land was not covered by the sea. However this may have 
been, there is abundant proof that the barrier was overfiowed at least 
as «ariy as the close of the Uarboniferons age, since which time the 
geological history of the whole area has been essentially tbe same, 
generally siieakiug. 



TRIASSIC SYSTEM. 
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Some outcrops in deeply-eroded vales in tbe Owl Creek range are 
quit« similar, bnt many of the finest exposures are in eroded folds, 
several of which occur in the Wind 
River Valley, between the two nionnt- 
ain-rangea. Id these, the dip of 
the red beds is often very great. 
Bipple-marks, and other evidences 
of deposition in shallow water, 
abound in most of the strata. 

Tlic rock appears to vary but little 
over broad areas, though oecasiounl 
beds of » different nature from that _^ 
of the red sandstones have been p' 
observed. Besides the ferric oxide, 1 
to which the color is mainlj due, I 
much of the rock contains a tonaid ^ 
erable quantity of iron in spots scat - 
teretl through the interior liketossiN, ^ 
but showing no strnctural markings 
Many of the layers arefairly compact, 
and l>eing traversed by a double svs i^ 
tern of regularjoints, they break into & > 
blocks of a form and size suitable tor '^\ 
build in gpurpoxes. Large quantities i 
of bedded gypsum occur, apparently " 
interatratified between the la\ers of "^ 
the sandstone in many phtes A |, 
short distance below Camp Bron n o 
tbe Little Wind Hiver, this ii quite ^ / 
abundant, and it bids fair to beconje Z 
of much economic importance in the c 
future. At theheadof LakeFork, in % 
the cauou, there are also extensive " 
outcrops of this mineral, which are t^ 
very accessible. The greater part is 
probably in the form of saccharoidal 
or compact alabaster, bnt some por- 
tions closely resemble in properties 
the finer varieties of anhydrite, and it 
is not impossible that odber portions, 
in |>laces where the rocks have been 
folded, may prove valuable as a par- 
tial substitute for marble, as is the 
case with the vulpanite of Northern Italy. In most cases, however, the 
anhydrite has been broken into quite small blocks by the heat accom- 
panjing the uplift. Some extensive beds of selenito were also observed. 
Beds of limouite, some of wliich appeared to be of the argillaceous vari- 
ety known as yellow ocher, were noticed in the outlying ridges south 
of the Owl-Creek range, a portion of which may be of Triassic age. 

Above the brick-red beds two or three hundred feet of lighter-colored 
sandstones, containing loss ferric oxide, tie beneath arenaceous lime- 
stone-beds, aQbrding a transitional aeries between the so-catled Triassic 
beds and tbe succeeding strata of undoubted Jurassic age. 

Organic contents. — Therocksof thiaagein Korth western Wyoming are 
as barren in the evidences of life as the Potsdam saudstone, and it is 
seldom that one is so fortunate as to collect any fossils from them, 
except when making a specialty of their study. Kodb were obtained b^ 
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the writer Id 1873, bence no new facts were elicited concerning the age 
of this formatiou. There can be do doubt that it is older than the Fos- 
sil irerons-jurassic of this section, for it is iuvariably found beneath it 
wherever both am exposed, but; Its limits cannot at present be clearly 
defined, although it is undoubtedly Post-Carboniferous, for it has been' 
reiwrted in some sections as lying nnconformably upon bods which have 
been referred, with good reason, to the Permian period. 

JURASSIC SYSTEM. 

Wherever good sections can l>e reached, the brick-red and buffcol- 
ored sandstones, which constitute the provisional Triassic system, are 
uliiiost always found covered by the Jurassic liinestone-s, a group which 
attains a thickness of nearly 1,000 feet in some localities. Many fine 
outcrops of these strata are to be seen in the Wind-River country, par- 
ticuhirly in the neighborhood of the mountains, upon both sides of the 
plateuu. The first exposures upon the uortheastern slope of the Wind 
Kiver Mouutains are in the main as simple as on the Little Popo-Agie 
near Red Caftoii, (see Fig. 4), where there are uo eompliciitions in the 
way of folds, and the structure is not obscured by ac<:umnlations of drift 
or otlu^r material. Passing across the plateau several prominent folds 
have so tilted the strata that the Jurassic beds outcrop at different 
angles to the horizon, but frequently dipping almost vertically, in which 
case the harder hiyers jut above the softer intermediate beds, often to 
a height of many feet, stretching like so many iiTCgular walls across the 
country. The formation is very widespread, its distribution in the 
liocky Mountain region being nearly identical with the supposed Trias- 
6ic,*at least so far as our district is concerned. West of the main divide, 
on our route, no exposures were observed of rocks, which can with cer- 
tainty be referred either to the Jurassic or the Triassic, but the existence 
of the former in that section has been proved by the explorations of 
Ilaydon and Bradley, who have obtained characteristic fossils of this 
j;ronp from localities comparatively near. 

"■ * ■ 11 aa a whole might l>c> characterized .is one of impure 
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more complete paleontological evideuce has been collected from the 
lower series of areuaceons beds. 

Organic contents. — Characteristic Jurassic fossils have been more 
than once collected from the region of the Ilocky Mountains, and the 
announcement of those collected from the Wind Eiver Valley by Dr. 
Hayden, while acting as the geologist of Captain Kaynolds' expedition, 
was made as early as 1861, These remains present strong resemblances 
to many of the species which characterize the lower strata of the 
Jurassic system in Europe. A good supply was collected from the 
various exposures seen upon the trip of 1873, but inopportune circum- 
stances have made it absolutely impossible to work them up with any 
degree of care, so that it must be acknowledged that there are a number 
of forms which have not been made out whieh it is believed will add some 
new members to the list of the characteristic organic rertiains of the 
American Jurassic, Enough has, however, been learned to determine 
the age of the containing beds, without a doubt, for their separation 
from the overlying group is very distinct, stratigraphically and paleon- 
tologically, as has been well remarked by Meek and Hayden. 

Among the forms which are most readily recognizable, there is a 
species of Gryphaea^ bearing some resemblance to the European Liassic 
0, ArcuatUj Lam., but perhaps nearer G. Calceolu, Quenstedt, (which I 
have not seen represented.) Fairly preserved specimens of Monotis 
curta{l) were obtained, besides a few of a species o^' Rhynchonella, spec- 
imens of the genera i^'n^u^ (br€viro8tra1)Modiola, etc., and two Rpeci- 
mens of BeleinniteSy near B, densus. 

CRETACEOUS AND TERTIAEY SYSTEMS. 

Perhaps there is no question of greater interest connected with western 
geology, nor one which has attracted more attention of late years, than 
the determination of the upper limit of the Cretaceous dei)Oslts. The 
beds of this age are usually found to be So distinct from the Jurassic 
strata that it is seldom very difficult to define the boundary between 
these two formations, but there is an important group lying between the 
known Cretaceous and the undoubted Tertiary rocks, the age of which 
has not yet been conclusively settled. Some geologists, with much ap- 
parent reason, are disposed to regard the majority of these intermediate 
beds as Tertiary, while perhaps a larger number are of the opinion that 
the weight of evidence thus far obtained places them more properly within 
the limits of the Cretaceous system, and not a few, taking a middle view, 
favor the idea that they are largely transitional in character. The oppor- 
tunities afforded for the collection of facts bearing directly upon this 
question were not many during our trip, as the route followed wivs not 
such as to offer good outcrops of the beds under discussion. No oppor- 
tunity has since occurred for the elaboration of any of the material 
which might throw light upon the subject, and it will therefore be 
necessary in this place to passitbywith much less notice than it deserves. 
Leaving the matter for some farther consideration at the close of the 
chapter we will now proceed to a review of the Cretaceous beds, as far as 
full evidence exists of their true age. 

CRETACEOUS STRATA. 

As a rale, the Jurassic beds are conformably overlaid by the members 
of the Cretaceous series, and the distribution of both formations is, in 
the main, identical east of the Wahsatch chain, although the Cretaceous 
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it.vtiloin is made up of several more local ^ronps. In the Wiud River 
Viillcy tlie beds overlyiug the Jurassic strata are exposed iu much the 
siune luauoer, but there are fewer good outcrops, owiug to the more 
exteusive coveriug of the Cretaceous by tbe Tertiary rocks, iii the neigh' 
borhood of the Wind River Mouutaius, aud to the greater erosioii of the 
Cretaceous beds when they occur iu the uncovered folds. North of the 
Uwl Creek range it is probable that these strata are favorably exposed 
for study over a wide district, but in many places they have beea so 
mimh folded and eroded that their stratigrapbical relatious to the adja- 
cent toruiatious CHunot be satisfactorily worked out iu a single trip 
iicTos-s the country. Sufficient evidence was obtained, however, to show 
that there is no want of conformity between tbe Jurassic and the Cre- 
taceous within a considerable distance of our trail. About halfway 
bi'tween Pacific Creek and Lava Creek tbe trad crosses the deep gorge 
of a small stream, where some of the Cretai;pous beds are to be seeu dip- 
)iing southwest ol°, and in the eauon of Buffalo Fork, just below Camp 
."I'l, similar betls, with additiomU members, are found dipping in theopixi- 
sile dii'ection 89°. Between these points no Cretaceous exitosnres were 
noticed, but, judging IVom the dips of the loner sedimentary strata, 
which were observed on Lava Creek between Camps 55 and 5ti, there 
must be one or more folds intervening. 

The litbological characters of the included members are almost as 
viU'iuble as possible, with intimate mixturesof areuaceous, argillaceous, 
ami calcareous iugredionts, iu different proportions. There are very 
lew beds of limestone, and such arc always very tliiu, but there are some 
Kbaly layers, and even occ^tsiomil beds of clay, though the formation, as 
a whole, would best be designated as an argillo-arenaceous group. 
Siiiiie of the shales, as well as nmiiyof the sandstones, arc highly ferrugi- 
nous, while other layers are quite free from the presence of iron. Muchof 
tilt' li'rric oxide can be traced directly to the plant-remains which abound 
in parts of tbe group, bat a large portion is undoubtedly due to the decom- 
jKtsitiou of pyrites. Passing up through a thick series of strata, with 
the ttrenaoeona material somewhat gradually increasing in proportion, 
.■lal hn(l« of liynitc, or ini[mri' biuirniiiuiis (.-oal, are reai^bt-d, which 
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ceoas groups by those who have, studied them, whatever may be their 
views concerning the age of the doubtful beds which occur higher in 
the series ; and this conclusion seems supported by the paleoutological 
evidence. In the Wind River region, as well as over the district tm- 
versed in 1873, north of the Owl Creek range and east of the Sierra 
Shoshone, the great bulk of the Cretaceous formation appears to lie 
below the lignite beds, and it is supposable that the whole group, as 
there exposed, was deposited before the changes took place which 
resulted in the dex)osition of the strata of doubtful age. 

Organic contents. — It will be impossible now to give even the genera 
of the distinctively Cretaceous fossils, but this lack will be less felt from 
the fact that Haydeu long ago gathered evidence that the Wind River 
Valley deposits underlying the horizontal Tertiary strata are mainly of 
Cretaceous age. The remains of marine life are of Cretaceous types, and 
there is, as yet, little or no evidence of a great thickness of uncertain beds 
of brackish or fresh water origin. Still it must be confessed that this, 
formation has been, at the best, but hastily examined, and changes in 
the character of the beds above appear to begin toward the head of 
Wind River, and to increase in importance westward. Near pray Bull 
River some interesting plant-remains, mostly leaves of angiosperms, 
were obtained, and some very fine leaves in shale were obtained near 
the top of the section exposed upon the left bank of the cailon of North 
Fork of Owl Creek. The latter resemble so closely in character and 
position, and in the nature of the rock, some very good specimens col- 
lected in a bluff upon the left bank of Wind River, a short distance 
below Camp 58, that there can be little doubt that they are from the 
same horizon. In both cases I am disposed to regard them as Creta- 
ceous, though the dip of the beds is much less than that of many of the 
underlying rocks. At any rate, the overlying Tertiary beds in the 
Wind River Valley are horizontal, or nearly so, and unconformable to 
these beds, while it is impossible to draw a similar line of nnconforma- 
bility between any two of the lower formations, although some of the 
beds dip much more than the plant-layers. The same relative arrange- 
ment of the principal formations was also observed north of the Owl 
Creek Mountains, where there are variations in degree but not in the 
order of superposition. 

The outcrop before mentioned, which is exposed in the canon of 
Bufialo Fork, affords a fine section of arenaceous and carbonaceous 
strata, with abundant remains of plant and animal life, which seem to 
bear affinities to Cretaceous types. These will be more fully discussed 
in connection with the remarks upon the age of the doubtful lignite 
group. 

I'ERTIARY DEPOSITS. 

Passing over the debatable ground for the present, we find that suffi- 
cient land had appeared above the sea at the close of the era of the 
lignite deposition for the existence of extensive fresh-water lakes over 
much of the Rocky Mountain region. Some of the lake-basins far ex- 
ceeded in area the largest of modern depressions containing fresh water, 
and in them were deposited immense quantities of the detritus brought 
in by the streams from the surrounding country. This process in some 
places continued until the sedimentary material had accumulated in the 
bottom of the lakes to a thickness of hundreds, and even thousands^ 
of feet. The important chapters of the earth's history, in which the 
records of these events are minutely recorded and profusely illustrated, 
might have remained a sealed. volume had not the later history of our 
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globe required for its records the waste of ^hat bad beeDliailtnp during 
the long Tertiary period. Aa it is, the draining of most of tlie old Ter* 
tiiiry lake-basins has been accompanied witb erosion npon a scale so 
vast tliat it is often possible to obtain a nearly complete section of these 
enormous accnmulations by merely passing across the basin in which 
tbey were deposited. A very few years since it was scarcely believed 
that the Tertiary deposits of oar country were capable of yielding as 
rich a barvest as had been reaped from beds of this age in Europe, but 
it is now ascertained that they are not surpassed in interest or pros- 
pective importance by any known gronp of strata in the world. To 
one at all familiar with the general geology of the TTnited States it is 
only necessary to mention the names of Newberry, Lesquerenx, Marsh, 
Leidy, Cope, and Meek to call to mind the rich results already obtained 
b.v the careful study of specimens collected from this horizon in the 
West. One of the most remarkable sections, the favorite field of several 
of the most experienced collectors, is situated in a portion of thfe terri- 
tory embraced by our reconnaissance, and it therefore claims a share of 
our attention. 

The greater portion of the Green River Basin, {as defined in Chapter 
II,) is now occupied by fresh-water deposits of the Tertiary period. A 
section of these beds from top to bottom will, however, include a con- 
siderable thickness of the lignite formation. Excluding this from the 
review, we shall have to consider here only that part of the series which 
ia exposed iu the vicinity of the road traveled between the Ointah 
Mountains and South Pass. 

EOCENE STRATA. 

In view of the discrepancies found to exist between supposed syn- 
chronous strata in different parts of the world, the plan of employing 
local names to designate the various epochs and periods represented 
iu the United States, has wisely been adopted by field geologists. 
Strangely enough, however, the evident advantages arising from this 
method when applied to the Paleozoic rocks have been overlooked in 
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scribed namerons vertebrate remains from this section, regard them as 
Eocene. The weight of authority thus seems to favor their reference 
to the Lower Tertiary. My own conclusions, somewhat tardily adopted, 
were partially formed in the field, but have not heretofore been advo- 
cated for want of decisive proof. I can now express more confidently 
the opinion that these beds are of Eocene or Lower Tertiary age, 
although the paleontological evidence which I have collected is less 
satisfactory on account of the fresh-water type of the invertebrate 
remains, than would be the case were there more vertebrate forms. 
The collections have not yet been carefully examined, and it is there- 
fore impossible to speak of them in detail. 

Hayden has provisionally divided the beds comprising this remark- 
able formation into two groups, which may be conveniently recognized 
in the present state of our knowledge concerning them, though no 
definite line of separation can be drawn between them. 

GREEN RIVER GROUP.— (Lower? Eocene.) 

This name is at present used to designate that portion of the fresh- 
water Tertiary strata which lies directly above the coal group, and which 
is the present surface formation over a large portion of the Green River 
Basin north of Fort Bridger. If it be true that the coal-beds are of 
Eocene age, this group holds a position which will entitle it to be ranked 
as Middle Eocene, but if, as many believe, the former group be really 
Cretaceous, these beds may be considered Lower Eocene, there being in 
this case no Middle Eocene, unless it shall be found that the whole series 
is made up of three well-marked groups, which does not now seem 
probable, to say the least. 

The upper limit of the Green River group is not readily definable at 
present, the transition between the beds of this and the overlying group 
being rather gradual, but the general character of the two formations, 
both lithologically and paleontologically, differs greatly. The Green 
River beds are mainly composed of a series of shales, marls, and harder 
calcareous strata, the latter, especially, containing quantities of the 
remains of fresh-water forms of life, with laminated layers literally 
filled with the remains of land-plants of the Phsenogamous series. The 
famous "petrified-fish beds,'' so well exposed near Green River station, 
Union Pacific Railroad, belong to this group. 

The outline of the ancient lake-basin in which these strata were 
deposited is not fully determined, but there are indications that its east- 
ern boundary was outside of the present limits of the Green River Basin, 
and there is no room for doubt that the Uintah Mountains and the 
VVahsatch chain then, as now, towered above its surface. Northward it 
is equally clear that the Wind River range formed the shore of the 
great lake, with probably more or less of gently sloping border during 
a portion of the era of Lower Eocene deposition. This formation is now 
exposed over our route from Fort Bridger to near South Pass, the ex- 
cessive erosion over this area causing the rocks to be laid bare in 
most places, so as to afford favorable opportunities for study, but they 
do not yield as plentifully the interesting remains which are character- 
istic of these beds in the neighborhood of Green River City, though it 
is highly probable that rich harvests will hereafter be reaped by col- 
lectors who may be able to examine the outcrops with some degree of 
thoroughness. 

Generally speaking, the rock contains a considerable portion of calcic 
carbonate, with an abundance of ferric oxide produced by decomposition 
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H 11(1 oxidation. &ypswn a.nd calciie of diSerent va,TietKS are abuodaDt, 
frequently occurring as thin, papery searus between the rock-layers, at 
otber times forming ma.sBes of considerable extent. These features are 
scarcely as characteristic of this formation, however, aa of the Bridger 
group. Some of the layers are little more than a pare clay shale, while 
there are a few quite arenaceous beds and some compact limestones. 
The mineral peculiarities are so generally the result of chemical and 
otlier changes iu the rocks of a secondary nature, that they will be 
more properly considered in that part of the report which treats of the 
action of atmospheric agencies, under the general head of dynamical 
geology. The texture of the diflferent beds is quit* variable, but, in 
general, the streams which have cut their channels through them are 
walled by nearly vertical clifTs, and the buttes and benches for the most 
part have quite precipitous sides. Numerous Joints occur in many of 
the strata, particularly in the more compact kinds, and tine examples of 
concretionary structure or weathering are not rare. The tendency of 
the thick beds of marly sandstone on the banks of Green Biver, at the 
crossing, to weather spheroidally is very noticeable, and this is repeated 
iu viirious degrees in the argillaceous and calcareous rocks as well. 

Organic content*.— ^^ the absence of adequate knowledge of the affin- 
ities of the fossil-plants collected, it is impossible to state with certainty 
their bearing upon the age of the beds now under consideration. Indeed, 
after the abundant material of this nature which has passed through 
the handti of Dr. Newberry and Professor Lesquereux, it is scarcely 
probable that the meager collections made by myself in 1873 will furnish 
cause for the changing of opinions so strongly held by these vegetable- 
paleontologists. Some remarks regarding the manner of occurrence of 
these remains will, nevertheless, not be out of place. The finest speci- 
mens were obtained from an exposure in a bluff just below the stage- 
station at First Grossing, Big Sandy, on the left bank of the river, near 
the top of the bluff. A few good specimens were obtained from a cliff 
upon the left bank of Green Kiver, about one mile and a half below the 
crossing at Robinson's Ferry. Outcrops of plant-beds atothcrlocalitics 
were not rare, but the remains were seldom as well preserved as iu these 
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Gasteropod bed underlies a thinuer layer, apparently almost wholly 
made up of Cypris remains, which is exposed on the left bank of Black's 
Fork, a few rods below the lower bridge across that stream at Fort 
Bridger. This exposure is near the point at which the teleg:raph-line to 
Carter crosses the creek. Back in the cliffs, on the right bank of Greeu 
Eiver, nearly south from Gamp 6, (three miles above Kobinson's Ferry,) in 
a thin calcareous shale partially saturated with petroleum^ I obtained a 
single specimen of the vertebra of a fish. This bed is probably of the 
same horizon as the petroleum beds not far from Green lliver station. 

In the present state of geological science, there are few who will not 
acknowledge that vertebrate remains are a better criterion of the age 
of a formation than fresh-water mollascs, or the leaves of plants. No 
one doubts that the beds of the Green liiver group are Tertiary ; and 
more recent beds, with abundant remains of the higher vertebrates^ 
being referred to the Eocene by the best authorities, it will be seen that 
the reference of the Green Eiver strata to the Lower or Middle Eocene 
is tolerably well founded. This classification receives additional sup- 
port from the statement of Prof. E. D. Cope, before given, conceni- 
ing the affinities of the fossil fishes collected from this formation near 
Green River City. 

Bridger Group.— (Upper Eocene.) 

The beds overlying those of the Green River group are closely related 
to them in age, for the transition from one to the other is not abrupt^ 
whether we regard their structure or their contents. All who have had 
occasion to study the features of both groups, in the field or the closet, 
have agreed in this, that they have regarded them as representatives of 
a single Tertiary epoch, the point of controversy being only the question 
whether they together represent the Eocene or the Miocene era. After 
all, it will be found that the whole difficulty originated mainly in the 
doubt concerning the true age of the coal group beneath, the settle- 
ment of which seems just now to be the chief desideratum of American 
geology. Hayden provisionally referred the Bridger group to the period 
of the Upper Miocene, which must have been proper had the Green 
River group proven to be of Lower Miocene age, as he at first supposed. 
Those who hold to the Eocene age of the lo\ver strata will, therefore, 
also be unanimous in the avowal of the Upper Eocene age of the mem- 
bers of the Bridger group. 

This formation is exposed at the surface over a considerable extent of 
country, northward and eastward from Fort Bridger as far as Little 
Sandy River and beyond, forming the top layers of numerous isolated 
buttes. Along our route they are nearly horizontal or dip very slightly. 
Perhaps the most instructive section observed on the trip, south of 
South Pass, is in the vicinity of the Uintah Mountains, wiiere the beds 
of the Bridger group may be seen in their connection with the tilted 
strata of earlier date. Figure 6 gives a general view of the structure 
of the country lying between Fort Bridger and the Uintah Mountains 
although it does not strictly represent a section in a direct line between 
the post and Gilbert's Peak, but, more properly, it is a representation 
of the principal facts with the surface features exaggerated, but mainly 
correct, as far as the caiion of Henry's Fork. Gilbert's Peak is then 
included to show its geological relations, although it is really out of the 
line of the section. 

During the epoch of the Bridger group, it is probable that the laud 
was covered with fresh water, in a lake as large as in the previous era, 
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if not more exteDsiro. It mnj have been that the northern shore was 
farther south tliSD during the time when the Green Biver beds were de- 
jiosited, but the mere fact that few of the Bridger strata now cover the 
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from the ancient Bridger Lake, though he remarks that the outlet was 
not* through the present channel of Green Eiver. If the Washakie 
group of Hayden, east of the present continental divide, be synchron- 
ous, and continuoiis with the Bridger group, the eastern boundary of 
the -basin in which both were accumulated was far outside of the pres- 
ent Green River Basin, but this supposition is little more than a sur- 
mise thus far. The western limit could not have been beyond the 
Wahsatch higher ridges, for reasons which will be obvious to those 
wno read the remarks upon the age of that chain, in the section treat- 
ing of the subject of the elevation of mountains. 

The beds of the Bridger group, as a whole, are readily distinguisha- 
ble from those of the Green River group, being mainly composed of dull- 
colored indurated clays, and arenaceous layers of considerable thick- 
ness, the latter usually brownish, or dull yellow or gray, often with more 
or less of a concretionary structure. The* clays are generally compacted, 
but they become disintegrated ui>on exposure to the atmosphere, and 
readily yield to the eroding forces. Some thinner layers of more calca- 
reous material, with siliceous seams often affording interesting concre- 
tions, are interspersed, but they are rather exceptional than otherwise. 
These two groups of strata may also be readily distinguished wherever 
seen by the great difference in the effects produced by erosion in each 
case. As before remarked it is the tendency of the beds of the lower 
series to present nearly vertical cliffsi, so that the general impression^ 
received in passing across the section in which they compose the surface 
formation is that of traveling over an ordinary plain with occasional 
descents by a succession of terraces to the narrow valleys of the streams; 
on the contrary, the topography of the country wherever the Green River 
beds are concealed or only occasionally capped by the members of the 
Bridger group, is very irregular, often simulating that peculiar aspect 
which has received the appropriate name of "bad lands" in other 
regions. In some places at a distance from the mountains, as in the 
neighborhood of Church Buttes, and between that point and Bryan 
along the Union Pacific Railroad, the beds of this formation have been 
so eroded without complete denudation, that they now stand out in 
buttes by themselves, often with some slight resemblance to rude archi- 
tectural forms. The now famous "Grizzly Buttes" southeast of Fort 
Bridger belong to the Bridger group, and in that section the same essen- 
tial features are observable, but the buttes are much more crowded, and 
seldom so completely isolated as are those farther northward. This 
intensely interesting subject will receive more attention in another chap- 
ter. (See Erosion.) 

The mineral characteristics of these Upper Eocene beds are generally 
similar to those of the juower group, but they are exhibited upon a much 
larger scale, which may no doubt be mostly accounted for in the more 
extensive erosion to which the Bridger group has been subjected, es- 
pecially as there are numerous indications of changes of a secondary 
nature. The subject can be more appropriately discussed beyond, (see 
Chemical Geology,) but a brief review of the more common mineral forms 
will be now given. Gypsum, in the forma of aelenitCj satin-spar, and, 
more rarely, as alabaster^ is very common. One of the most striking 
features of many of the buttes is the silvery, glistening appearance which 
they present in the clear light of the sun, giving them at a little dis- 
tance a very pleasing aspect. Closer, investigation shows that this is 
produced by the reflection from enormous quantities of bits of selenite 
which lie strewn over the surface of the slopes. When found in situ it 
usually occurs in thin layers between more extensive beds of other ma- 



128 RECONNAISSANCE OP MOKTHWESTEES WyOMINO, 

terial, 01' in masses, the fibrous forms notimfreqnently being rather geo- 
dit'erous \u their formation. Joints aud plaiie» of loose lamiuation are 
commonly filled with seUnite, or even with gypsam in tho form of small 
crystals, which are often ferruginous, or coated with ferric oxide. Galcitt 
is abundant iu several crystalline varieties, or caIc-8^r,also in other iirter* 
estiug forms, occiirringin similar manners to the gypsum, of which it ocoa* 
sionally appears to be a pseudomorpU. The presence of iron iu cousider- 
able quitntity is shown by the reddish color imparted to many of the rocjis 
upon weathering, ^so by the aecamalations of ferric oxide in the crev- 
ices, aud in connection with imperfect organic impressions. Fyritet ia 
probably commonly distributed, though scarcely ever obtained in dis- 
tinct crystals. Silica, in its remarkable development in these rocks, 
constitutes one of the most interesting subjects which claim the atten- 
tion of the chemical geologist in this section. Saliue elBorescencey and 
the connection of the so-called " alkali " deposits with much oflthe his- 
tory of the region, are topics which naturally fall within the imits of 
another portion of this report, where they will be further treated. 

Organic contents. — The scientific public, at least, are already familiar 
with the great results which have accrued from the studies made by our 
vertebrate-paleontologists of the remains which have been obtained in 
such great abundance from the beds of the Bridger group, more espe- 
cially from the vicinity of the Grizzly Buttes. The organic remains which 
I have myself obtained from these strata iire not niimerous, but they 
were obtained from new localities, as a rule, aud may embrace one or 
two new specific forms, though this is quite doubtful. From a ruggedly 
weathered exposure of loosely compacted saiulstoues and conglomerates, 
with some harder beds of whito and slightly red sandstones, half a mile 
northeast of Camp lit, on Little yaiidy River, some poorly preserved 
specimens of gasteropoda {Melaniaf) were collected, with numerous 
small fragments of turtles, which were found partially imbedded in 
the soil upon » small raised flat. At the foot of a prominent butte 
standing entirely alone near Soublett«'s road, three miles or more 
back from Oamp 10, across the Big Sandy, a fragment of a costal plate 
ol tlic cantpaci' of :\. Tnniiyx was obliiiiK'tl from iibont the sauic horizon. 
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marls of the Wind River deposits are frequently variegated, L e,, bands 
of a bright red or a pinkish color are associated with the blue, greenish, 
and light-colored beds of this material. But few fossils have ever been 
obtained from this formation, and it will be wise to make no definite 
statement regarding its age until it has been more carefully studied. 
The whole group lies in a nearly horizontal position, and the erosion has 
been so extensive that the beds are well exposed for observation, pro- 
vided one can regulate his course so as to seek the most favorable locali- 
ties ; hence it may be hoped that the future development of this region 
may greatly add to our knowledge concerning them. 

The arenaceous nature of most of the strata, and the oblique lamina- 
tion of the sandstones and conglomerates, prove that they were deposited 
in quite shallow water; and these facts will account for much of the 
lack of organic remains. The thick deposits,^ on the other hand, of more 
alluvial material, would suggest the probability of the preservation of 
some vertebrate remains. Hayden has reported the discovery of frag- 
ments of the skeletons of Trionyx and Testudo^ but diligent search aloug 
our route was unrewarded by the sight of a single bone of any kind. It 
is proper to mention here that a more definite statement concerning 
these b^ds, published elsewhere,* was based upon the supposition that 
some underlying beds, now believed to be Cretaceous, were of Tertiary 
age. 

In the same unsettled state must be left the Tertiary beds which are 
exposed north of the Owl Creek Mountains, of small extent at i>resent, 
but in many respects resembling the Wind River deposits. There is 
here, however, stronger proof that these are of later than Eocene date, 
and it may be suggested that the Wind River deposits may prove to 
have been laid down nearly simultaneously, but certainly in a separate 
basin. 

In all of these beds there is an absence of the great deposits of gypsum 
and calcitCy as would be readily supposed from their arenaceous cliarac;- 
ter. The topography, also, is different, from a similar cause, although 
the erosion has been great, and interesting forms have been produced. 

PLIOCENE DEPOSITS. 

In the neighborhood of South Pass, extending across the water-shed, 
is a deposit which apparently represents the closing scenes of the lake 
perioil in the Green River Basin. It would seem that during the Miocene 
e|)Och, or near its close, while, perhaps, extensive but shallow lakes ex- 
isted in the Wind River Valley, a portion of the Sweetwater Valley, and 
north of the Owl Creek range, the waters upon the western slope of 
the Rocky Mountains had so far been drained oft" as to allow of partial 
denudation of the old lake-bottom. During the next epoch (Pliocene) 
a shallow lake spread over the northeastern portion of the Green River 
Basin across the outlying metaniorpbic ridges, and connecting with a 
body of fresh water which more or less covered the area occujiied by 
the Miocene (?) lake of the Sweetwater Valley. Figures 6, 7, and 8 are 
intended to explain this idea, without giving the slopes, elevations, or 
distances with any degree of accuracy. 

It should be understood that the Pliocene deposits are represented as 
if local, merely because their boundaries are not known positively. In 
these deposits in the Sweetwater Basin, Dr. Hayden has obtained 'fos- 

' In a paper " On the Geology of Western Wyoming," in Amor. J9ur. Sci., vol. vi, De- 
cember, 1873. 

H. Ex. 285—9 
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sils which sbow close relation to those of the Niobrara River beds of 
Plioccwe age. On the left bank of Little Popo-Agie River, some dis- 
tance below tlie entrance of Deep Creek from the right bank, there is a 
similar deiwsit of marls and laminated sandstones and conglomerates to 
that near South Pass^ which may be of Pliocene age. The South Pass 
beds, as shown in Fig. 8, cross the outer portion of the metamorphie 
rocks, and some of the beds contain pebbles from those beds of the 
mountain nncleus. 




RECONNAISSANCE OF NORTHWESTERN WYOMING. 131 

the valleys of the streams, particularly in the lower valley of Pelican 
Creek, and far down the Yellowstone River, where they become more 
complicated, bat on that account all the more interesting. An exatni- 
nation of these shows that the lake formerly extended over a much 
larger area, and that it has held its place* amid changes of great im- 
portance. It is impossible for the most enthusiastic and imaginative 
person to go beyond the truth in the description of the remarkable 
events which are here recorded in this one page, as it were, of the 
world's history ; but this is but the beginning of the end, for the mind, 
even of the careful observer, fails to grasp in its entirety the vastness 
of the variety which is here displayed. 

It was during the later portion of the Tertiary age that much of the 
volcanic activity took place which was so general over this portion of the 
country, though probably only the closing stages of the lava flows are 
represented by the eruptive deposits of the Pliocene epoch. As it will 
be necessary to speak somewhat in detail of the history of those aecum- 
ulations in a section specially devoted to the subject of volcanic action, 
a mere resumS of the deposits of Pliocene age will here be presented. 
A section of the lake sediments, taken on the present lake-shore, be- 
tween Bluft* Point and Steam Point, is as follows in descending order : 

1. Grass-covered soil passing gradually to loose sand, 2 feet. 

2. Various sand, gravel, and spring deposits, with scattered irony con- 
cretions, 6 feet. 

3. White and dark lake sand, very thinly laminated, with beach 
structure, and occasional irony layers, 5 feet. 

4. About 15 feet of thinly laminated, blue-blaek clay, locally contorted 
and beautifully cut by a small rill emanating as a spring from one of the 
irony layers in No. 3. The water is slightly chalybeate. 

Other sections in this vicinity show the same general features with more 
or less of variation. They represent the upper portion of the Pliocene 
series, deposited toward the close of the era of volcanic activity, hence 
the occasional beds of volcanic ejectamenta which were poured out into 
the lake are mainly composed of volcanic sand and the finer textured 
conglomerates, as may well be seen near Steamboat Springs. As we 
descend the valley of the Yellowstone River we find the lower members 
of the group well exposed and the beds of unmodified* non-molten 
material becoming more common, with increasing proportions of the 
molten or lava series, until the latter are almost universal, and doubtless 
represent an earlier period, though frequently largely concealed by the 
subsequent spring deposits. Near the close of the Pliocene epocli the 
internal fires had so far died out that the igneous ejections were of fit- 
ful occurrence, and geysers, solfataras, fumaroles, &c., abounded to an 
almost incredible extent, giving rise to enormous deposits of siliceous 
and calcareous material, which has continued to be deposited with 
decreasing vigor until the present day. From tlie nature of the circum- 
stances under which these rocks were deposited but few fossils will be 
expected, and yet there are some interesting facts which lead to the belief 
that not a few organic remains now entombed in these strata are really 
the relics of the Pliocene epoch and not of an earlier date. For a more 
complete elaboration of this and other subjects of great interest con- 
nected with this group the reader is referred to the dynamical portion 
of this report. 

* The term tnodijied wiU bo a convenient one to apply (as in the caseof dr^i^po^sits) 
to those liake or stream deposits which have been re-arranged by aqueoas'MU^','%fter 
having been deposited in beds by ernption from volcanoes. Unmodified m'^is^fiBO 
applies to beds of volcanic sand and ashes thrown out into a lake without subse^fnent 
re-arrangement. 
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CO:(CER>'C(G THE AGE OF TOE COAI. OB LIGXITE GROUP. 

It is not pretended that the true horizon of the contested eoal serieo i« 
tif lie settled by the scraps of evidence which are now brought together, 
nor is it probable that the little that the author can present in the shape 
of newly obtained facts, will materially aid in promoting a decision of 
the mootcil question. The least that can be done, however, in to place 
»n n-cord the field-notes of the writer, as far as they may bear npoD the 
■^iiliject, and to show the groands npon which they have been referred 
to the Cretaceous epoch in this report. It would be presnmptnone to at- 
tempt, from so few opportunities of observation, to solve a problem 
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The investigations of Clarence King, in particular, have shown that 
the westward continuation of the known Tertiary strata of the Green 
Kiver Basin is in a series of broad folds, and that the beds do not lie 
horizontally, as is the case farther east. It haiS also been determined 
that the Eocene series is there unconformable to the underlying coal 
group, while the latter rests conformably upon the rocks of undoubted 
Cretaceous age. Again, the formation of the coal was begun during the 
Cretaceous epoch, probably while the Rocky Mountains were slowly ris- 
ing, and several lignite beds were deposited during the marine era. It 
is not difficult to believe that the elevation of a prominent chain in the 
eastern ocean, which then beat upon the flank of the Wahsatch, would 
gradually cut off the Green River Basin from free communication with 
the sea, causing it to be occupied by a brackish- water estuary, while 
marine deposits were still accumulating in the east; for it must be 
borne in mind that the Uuitah Mountains then existed as a prominent 
range, as remarked by Clarence King. Continued gradual elevation 
would finally completely shut off the estuarj'^ basin from the ocean by 
raising it higher, when the liquid contents would gradually become 
fresh, provided that the outlet was not closed, as would probably be the 
case, tlie elevation being gradual. The three accompanying sections 
will show the idea more clearly, although some of the beds are neces- 
sarily represented as unconformable because it is impossible to show in 
a drawing the gradual nature of the upheaval. Subsequent to the de- 
position of the fresh-water beds here referred to the Cretaceous, the 
whole series was disturbed westward, and the Tertiaries were afterward 
unconformably deposit^ upon them. The question must at length be 
decided upon the evidence furnished by the organic remains, no doubt ; 
but in the absence of conclusive evidence of this nature, it is not 
unreasonable to suppose that such marked physical changes as took 
place after the deposition of the fresh-water beds which underlie the 
Green River group, would have been unnaturally local if they had 
transpired between two of the freshwater sub-epochs of the Tertiary 
period. It would certainly be difficult to account for the deposition of 
the estuary beds in the Green River Basin without the existence of a 
sea to the eastward at nearly the same level, and in view of all the facts 
thus far collected, to the writer at least, the belief that the coal-group 
is of Cretaceous date seems much less difficult to support than the 
opinion that the strata were formed during the Eocene epoch. 

It is unnecessary to make more special mention of the coal-beds 
which, it has been previously observed, are exposed in the caiion of 
Buffalo Fork of Snake River, for the foregoing remarks are largely 
based upon a study of that section, and no special features have been 
elicited from them. 



CHAPTER V. 

STRATIGAPHY, CONTINUED. 
Post-Tertiary and recent Glacial and Champlain epochs— Terrace epoch. 

From the numerous organic remains entombed in the strata of the 
Eocene epoch, we learn that the climate over a large portion of the 
Rocky Mountain region was tropical or subtropical ; but the gradual 
elevation of the mountains to a considerable distance above the sea- 
level, with, perhaps, other causes now too little understood, produced 
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iilso more or less gmdual changes in the cHmatic conditions. Hence we 
liiiil that the plants and other relics collected from the Mioceue beds 
itiilicitte a climate cooler than that of the Eocene epoch, though 
iriililer than that of the present day. This condition of things coii- 
tiiiued with little apparent change diiriug the Pliocene epoch, or 
until near its close. In Boeene times there roamed over the western 
continental hilU and plains vast numbers of peculiar mammals, and 
ill the dense forests innumerable birds filled the air with sonorous notes, 
while reptiles of the most varieil forms sought the darker recesses of 
the murky swamps, and tisiies and molluscs in wonderful variety iu- 
Litbited the great fresh-water lakes. Then was presented a sceue in 
many respects similar t« what may now be viewed in some of the more 
elevated portions of the tropics where lakes abound, but on a scale more 
vast than has ever been witnessed by huniau eyffl. The " struggle 
(or existence," ever more severe iu tropical regions than in milder 
cliincs, resulted in the destruction of millions upon millions of indi- 
vi<luals, the remains of which, as Dana remarks, are now coming to a 
new "existence" through the researches of our eminent paleontologists. 
Slowly but steadily the growing severity of the climate doubtless com- 
pelled the dominant forms to maintain their positions by successively 
more vigorous contests until they were finally compelled to seek the 
lower latitudes nearer the sea-level, and finally' to succumb to their ia> 
r'vitable fate when the climate had reached the climax of severity^ 
thus forcing tliem into 3 small area southward. Dr. Newberry (Hay- 
den's lieportou Wyoming, 1870, p. 337) has well suggested that ex- 
posure to such vicissitudes wouhl have less effect upon some of the more 
jjiirdy plants than wjtii animals, on account of the smaller space re- 
ipiired by the former for support; hence, as he concludes, the cause of 
tlie greater similarity of our flora than of our fauna to that of the Mio- 
cene epoch. The rise of the land continued during the Pliocene epoch, 
and the more elevated lakes were gradually drained, thus adding to the 
increasing rigor of the climate. There are probably few who will in- 
sist, after a careful study of the facts, that the perioil of extremely low 
temperature which undoubtedly succeeded the t'liocene epoch, was 
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the level of the sea, that their erosive power was comparatively slight, 
except for short distauC/CS. It is probable that the lakes were fed by 
numerous small tributaries from all sides, rather than by one large inlet 
receiving the contributions of many branches. 

The draining of the lake basins, and the elevation of the laud, wirh 
the accompanying decrease of temperature, would increase the amount 
of erosion by giving greater slope to the surface, and by combining 
more extensively into river-systems the hitherto independent streams. 
This would also be facilitated by the precipitation of the moisture as 
snow in the place of rain, as before. Such, in brief, were the conditions 
at the close of the Pliocene epoch. 

GLACIAL AND CHAMPLAIN EPOCHS. 

Evidences are not rare in the west, north of the 41st parallel at least, 
of the former existence of a period during which there occurred the 
principal phenomena which have had such an important influence in 
shaping the surf^ice-features eastward. However difficult it may be to 
fully account for the important climatic changes which succeeded the 
Tertiary period, there is now no reason to doubt that the Pleistocene, or 
Post-tertiary period, was opened by an epoch of frigidity with a climate 
similar to that of the subarctic regions at present. In seeking for the 
causes of such an apparent difference in temperature between these con- 
tiguous eras, it is necessary to bear in mind the fact that the cold of 
the glacial epoch was universal over the northern portion of our globe ; 
hence it is unnecessary to suppose that that portion of the Rocky Moun- 
tain region lying south of the forty-fifth parallel was elevated much, if 
any, higher above the level of the sea than in the Pliocene epoch, for 
the extreme severity of the climate farther north would have had a 
chilling influence uppn the temperature in the lower latitudes. Judg- 
ing from the observations of others southward, it is concluded that the 
lower limit of the ancient glaciers of this age in the west was not far 
from its latitude in the east, i. e., about 39^ N., or in Colorado, near the 
latitude of Pike's Peak. 

Inasmuch as the drift-deposits in many portions of the llockj- 
Mountain chain are often of comparatively small extent, and usually 
bear evidence of transport for short distances only, it would seem that 
the glaciers from which they came were more local in character than were 
those which then existed farther to the east. Dr. Hayden, whose oppor- 
tunities of observation have been very extended, has repeatedly re- 
marked in his reports that he has " never been able to find any evidence 
in the Rocky Mountain region of what is usually termed a northern 
drift." 

There is, however, little doubt that the glacial deposits in this section 
are synchronous with those which exist in the east, and it is J;he opinion 
of the present author that the causes of the actual differences can 
mostly be explained. This will be rendered more plain as we proceed ; 
but, first, it will be well to take a cursory glance at the deposits as they 
occur in Western Wyoming. 

In passing southward from Fort Bridger toward the Uintah Moun- 
tains, the buttes are frequently found covered with small fragments of 
various rocks, which are quite firmly imbedded so as to resemble a varie- 
gated pavement. Many of them represent the more recent formations, 
being largely siliceous, and these may owe their present position to the 
action of water, or other causes, not entirely during the glacial period, 
which is probably the case when found upon the terraces of the streams. 
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Associated with tht^se in maoy places, liowever, are undoubted drift- 
])ehbli>.s, composed of materials from the earlier strata, aod deposits of 
liie liner and coarser mixed gravels of considerable thieliuess are not 
infri'tjitently exposed along the banks of the streams. The remarkable 
i'\tfnt of tlie erosion over the Green Biver Basin, and its i-elatioua to 
the KuiTouiiding mountttins, make it unsafe to generalize upon all the 
|ihi'ni)iiiena of the Dritl period in this section, without extended obser- 
vation of the facts; but it may be said that the features already men- 
tioned rapidly increase in importance a^ the Uintah Mountains are 
approached, showing clearly that much of the mat^irial waa traiisiiorted 
from that direction. Much of the structure of the Uintah range, 
particularly near the line of junction between the tilted strata and the 
nearly horizontal Tertiary beds, is obscured by very thick deposits of 
ilri It' material, and the harder formations of the outlying ridges have 
been eroded into rounded hills by glacial agency, as is shown by the 
quantities of bowlders which are strewn over their summits and down 
their sides. 

Northward from Fort Brtdger the drift-deposits seem to thin out, 
and finally almost to disap|»ear until pebbles of the metamorpbic series 
bi'gin to be seen beyond Green Kiver, and they gradually increase in 
size and amount northward tc South Pass, in the vicinity of which some 
of the rounded hills of Pliocene strata are covennl with numerous heavy 
bowlders. One mile south of I>ry Sandy Creek a bowlder thirty inches 
in diaiueter was observed lying over beds of probably Eocene age, 
though now well imbedded in the soil. The water-divide at South 
Pass is composed of Pliocene rocks, which were deposited iu a lake 
which covered the upturned edges of the metamorphic group, aud it is 
evident that the erosion of the valley of the Swe~etwater, iu at least a 
portion of its extent at this point, was accomplished during the glacial 
epoeht for the stream has since, in some places, cut its way through the 
drift-deposits. Over the district from South Pass to Gamp Stambaagh, 
the ei'osion has been great, and numerous local valleys have beeu 
formed, many of which are now tilled in with moraine-deposits, or coca- 
sionally with modified drift. Bowlders are scattered over the surface in 
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of tliese canoiia receives tUe accumulated waters of several prominent 
tribntariea wliicb rise in the moautain nucleus far to the northward or 
southward. Moreover, the higher points of the uucleuB stand as islets 
huudreds and ofteu thousands of feet above th« ^ o 

sources of tbe streams at tbeir base. Clearly, 
then, we have here oomptete proof of an amount 
of erosion since tbe elevation of the range wliich, 
without this evidence, would seem almost iuumd- 
ible. But this is but a small part of it, for there 
are iu this section magoificent and exteusive 
parks; loug and high moraines, composed of 
hnge granitic bowlders, stretch like vast walls 
across the way, with intervening lakes or ponds ; 
scattered bowlders of other material, and im- 
mense blocks of the tougher sedimeDtary strata 
of Silurian age, are to be seen in the grCHtest pro- 
fusion ; yawning chasms many hundreds of feet 
iu depth have been scooped outof the very sam- 
mits of the highest ridges, and the onmerous 
water-courses now follow channels which they 
could never have cut for themselves. 

The deposits of the drift are in general abun- 
dant across the Wind Itiver plateau, decreasing 
iu amount toward the main stream until an in- 
crease is again apparent upon approaching the 
Owl Creek Mountains. Korthward from Camp 
Brown the coarser bowlderingredients are more 
common, and the streams which How out from 
the Wind Kiver range, including Bull Lake Fork, 
are often seen passing directly to the main river 
by continuous canons, at right angles to the 
trend of tbe mountaius. Such streams are usu- 
ally bounded by he«vy deposits of drift- bowlders, 
composed of granitic and metauiorphic rocks 
from the nucleus of the Wind River range. Fre- 
quently these accumulations are found filling 
large hollows which had been previously eroded 
in the Tertiary and lower stratified rocks, and in 
one case the valley of Wind River has been cut 
for some distance through an extensive deposit 
of this nature. This is shown iu Fig. 12, which 
represents a section across the main stream, be- 
tween the mouths of Korth Fork and a smaller 
stream from the right bank a short distance 
above. 

Passing up the Wind River Valley from this 
poiut the materials are found to become gradually finer, with occasional 
exposures along tbe river-banks of some modified drift. The materials 
also appear to change character somewhat, and to partake more of the 
nature of the volcanic rocks of the Sierra Shoshone. 

To return to the Owl Creek range: The evidences of glacial action are 
not rare, and the erosion and deposits of this epoch have greatly ad<1ed 
to the complications in the structure of the outlying ridges. It wuuld 
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aiipear that the greater effect baa bcoa produced d]iod the northern 
slope, although it ia often much leaa rugged than upon the sauthern side. 
As good a place aa conid be desired for the study of the dyuatuics of 
the early Quaternary period is the region inclosed by the trail of our 
party during the two months' absence from Camp Brown. The remark- 
able canon of the main stream of Owl Creek, far more deserving of the 
name of river tliftn three-fourths of the larger streams of the district, 
now undoubtedly marks the course of a former glacier of great power, 
lor the remains of the ancient drift-deposits are abundantly exposed In 
many places along its borders, where they have been cut through by 
the stream. The same may be said of many other channels originating 
in the Sierra Shoshone, and in leaser degree of nearly all the minor or 
secondary watercourses, but it ia only wlien we pass across to the main 
upper tributariea of Snake Biver that we can form an adequate idea of 
llie enormous amonnt of the material which must have been worn away 
during the glacial era. In numerous places between the Two Ocean 
Tasa and the Togwote Paaa, the finer materiala of the drift are well 
exposed in aectiona along the streams, showing that a formation at leaat 
5(JU feet i[i thickness was deposited during this epoch. 

The study of the Rocky Mountain drift, when it can be entered upon 
without special regard to other sabjects, will fully rewanl those who 
may undertake it. It would greatly exceed the limits of this work to 
attempt anything like a complete discussion of its hislory, and the most 
that can now be done is to give very briefly an outline of the author's 
conclusions so far us they seem warranted by the facts. We must be- 
lieve, from the enormous thickness of the Tertiary strata which were 
deposited at the base of the higher elevations, that the denudation 
which had been produced at the beginning of the Quateruary period 
was very great, and this view ia well corroborated by the records which 
have come down to na. Before the close of the Miocene epoch the an- 
ticlinal of the Wind Biver Mountains had so far been eroded that the 
Sweetwater Baain then, as now^, formed a portion of the Atlantic drain- 
age system; and the same is true of the Wind Biver Basin. The Green 
River BaKJtL during iit leiiwt the latter part of tlio Eocene I'pocli was 
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main glacier and carried dowD into the plains and distributed. Tbere 
is itlso some rcasou tor believing that the nortbeastern slope of tbe 
inouutaius was in man; places denuded by glacial actioa so as to leave 
small lakes outride of tbe limestone- ridge, or, perhaps, one or more 
larger lakes, witb very irregular outline, and quite uneven bottom, iu 
which the bowlders and finer material were deposited. Be this as it uiiiy, 
there is abundant evidence that the glacier escaped over this edge of 
the range at several iioints. 

For ray own part, after the 
careful review of a large 
number of facts, collected at 
every point along our route, 
1 am' disposed to regard tbe 
period of dri It- deposition, 
over a considerable portion 
of tbe Rocky Mountain re- 
gion, as made up of two 
epochs, and it is highly 
probable that they we 1*6 
nearly synchronous with 
the Glacial and Cbamplain 
epochs in the east. This view 
has been adopted in tbe ar- 
rangement of these deposits 
in tbe Stratigraphic Chart 
uccompaiiyiiig Chapter III. 
To express this idea more 
clearly, but much too briefly, 
it is probable that tbe Plio- 
cene epoch was followed iu 
this section by a gTadunl 
diminution of beat, which 
cansed the lower limit of per- 
(letufll congelation to de- 
scend by degrees from near 
the summit of the moun- 
tains. 

The first erosive effects 
were therefore produced 
iH'ar the axes of the ranges, 
and the courses of tbe chan- 
nels produced iu each case 
would very largely depend 
upon the surface features, 
but with a prevailing south- 
ern direction. At first one 
of the great causes of glacier 
motion — the differeuce be- 
tween summer and winter 
temperature — would prob- 
ably be almost wanting, bnt this would also continue to increase, though 
perhaps never becoming so great as in many other parts of tbe country. 
For It long time tbe erosion of the tilt«d sti-ata remote from the axes 
would be accoujplished by water from the melting snows, and thus 
channels would be cut and the river-courses upon the plains would be 
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marked out. As the snow -line came nearer the plains tbe glacial actioo 
wuitlil become apparent also; and still later smaller side-glaciers woaUl, 
lUmlitless, partly follow the larger valleys orcaQons, wideuing them aiiil 
often slightly altering their courses. Through some of these valleys 
and in places over the ridges through which tbe water caiious bad been 
cut, some imrtioDs of the main glacier would finally escape. It might 
happen that one of the side-glaeiers would dam up the main valley be- 
low the mountains, forming a lake above itself, which would distribute 
the bowlders and finer material according to size. In places along the 
Wind River Valley, above Lake Pork, this feature is displayed, and 
elsewhere iu the narrower portions of other valleys. Later still, the 
melting of these ice-streams gave rise to accumulations of fine and 
coarse materials which were afterward re-arrauyed by the streams, ac- 
oortling to the force of tlieir curreutij, Id the upper valleys usually being 
stratified irregularly aa modified drift, while the very fine particles were 
often carried below and de|iosited in the undrained lakes. 

To sum up, then, it is tlie author's opinion that these deposits may be 
conveniently divided into two gronps, suificiently distinct in character 
iind origin to warrant the belief that they represent the two eastern 
epochs, generally known as the Glacial and the Ghamplain — the freez- 
inij and the thawing eras, as they may not inaptly l>e termed. 

During tbe freezing or Glacial epoch, glaciers spread widely over the 
iiiiire elevat«d portious of the liocky Mountain region, and the eAi!ctt> 
produced by them were enormous, but mainly local. 

The general direction of the motion was from the northwest, but 
gi-eatly modified by the slopes of the country. Erosion by water an<l 
ii;e was very great, and in some places irameuso deposits of bowlders 
and detritus were formed. 

The deposits which I have referred to the Champlain epoch may be- 
long in part to the Glacial epoch, for it can hardly be said that it is 
})roper, in all cases, to separate these eras. All over the Green River 
HaNiu, in the Wind River Valley, and elsewhere upon the plains, away 
from the mountains, the materials of the drift are widely but thinly 
scattered, the particles gradually increasing in size as the 
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upon Us borders, and the accumulation of morainal dSbris^ which were 
assorted, as it were, according to weight, by its waters. But there are 
other deposits of greater thickness in various localities, which, by their 
position overlying the drift, show that they are of more recent date. It 
is impossible to do more than to enumerate them here. They are — 

1. Deposits of modified drift of varying thickness, mostly exposed 
along the banks of existing or ancient streams. 

2. Deposits of ''till," sometimes of great thickness, evidently deposited 
during the melting period in the deeper portions of the lakes, or in other 
more local lakes. 

3. The connection of the graduated drift, as it may be called, with the 
other Quaternary deposits in the Wind River Valley renders the reference 
to this age of similar accumulations in other localities more probably 
correct. 

TERRACE EPOCH. 

The transition from the Drift era, including the Glacial and Obam- 
plain epochs, to the succeeding epoch in the earth's liistory, was certainly 
not abrupt, and inasmuch as we are now dealing, as in the whole of this 
chapter, with surface-formations which are still being subjected to great 
changes by reason of their exposure to destructive agencies, it is often 
difficult to determine correctly the synchronism of results. Moreover, 
the forces which were at work during the epoch immediately succeeding 
the Drift era are still active, and many of them had produced such great 
effects previous to the Quaternary period that the glacial denudation wiis 
insufficient to eradicate them. There is no lack of proof that the pres- 
ent drainage-system over the southern portion of our district was at 
least outlined as early as the close of the Cretaceous epoch, while over 
the northern portion changes have probably been produced by the igne- 
ous outflows, but still the present courses of the streams are mainly 
through channels of ancient erosion. But even in these regions there is 
enough to indicate that the epoch of the Cham plain deposits was followed 
by a period during which the valleys were cut deeper, apparently by a 
succession of impulses imparted to the streams, and the records of this 
time are now to be seen in the form of terraces which more or less regu- 
larly follow the general courses of the present river-channels. The ero- 
sion of the valleys by the stream still goes on, but there was evidently 
a long era in the past when this action ,was upon a grander scale, and 
to this indefinite and transitional period it is convenient to give the name 
of Terrace epoch. 

Conceniing the causes of the fluctuations of level in the stream-beds, 
little can be said in a work of the local nature of this report, for it is 
necessary to accumulate evidence from a wide extent of country, in 
order to fairly discuss the subject; but the author may, perhaps, be 
pardoned for the expression of an opinion in this place, not hastily 
formed, but greatly confirmed by observations in the upper valley re- 
gions of a large number of streams during our trip. There are yet a 
large number of geologists who, though ever ready to acknowledge the 
inconceivable length of geologic time when found necessary to explain 
many phenomena, are still prejudiced to the old theories, which refer 
all great changes in the surface-features of the earth to the action of 
internal forces. There is, however, a growing conviction in numerous 
minds that this is a serious error, and it is the candid opinion of the 
writer that* the production of these terraces, except in rare instances, is 
very largely the result of external causes. 
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Many intereating varieties in the forms of the terraces may l>e 
observed, some of which will be again referred to when considering the 
subject of erosion. A fev only of the more common examples wilt be 
mentioned here. In many portions of the Oreen River Basin, particu- 
litrly in sections in which the lower or Oreen River gronp is the surface- 
formation, the 'approach to the larger streams npou each side is made 
over a succession of exten&ive and quite regular terrace- ben ches ; and 
in some places the same regularity is noticeable iu the minor valleys. 
Elsewhere in this basin, and perhaps unch more commonly, the surface 
of the terraces bordering ancient streams has been much changed, so 
that it is not always an easy matter to determine their courses. Fine 
examples of regular benches are also to be seen in the Wind River Val- 
ley and in other places away from the mountains. 

Even ill the gorges of the streams issuing from the rugged Sierra 
Shoshone, this structure is often observable, though now much obseureil 
by the growth of trees. In the valley of the Yellowstone River, at 
many points, the terraces can be readily made out, but their surface is 
largely scored by gulleys, which cause them to appear less regular than 
tlicy really are. One of the best places for the study of the effects of 
running; water upon the beds of streams is the section of country be- 
tween the Two-Ocean Pass and T6gwote Pass, where there is probably 
as much variety in the results as could welt be found over an equal area 
elsewhere. 

HUMAN PEKIOU. 

The close of the Terrace epoch brings di)wn the history of the earth 
to a time when the present conditions were in force, and the changes 
which have since taken place are of comparatively slight extent, 
although much has been done in the way of denudation, transportation, 
and deposition, from which important local Tormations have not unfre- 
queutly resulted. Some very prominent recent deposits, which have 
been in process of formation during several of the preceding epochs, 
have l)een lightly passetl over, that their history may be more cleai-ly 
i'liichlaled by comparison with Kimilftr acii^n now in prci^i'i^fis. Sucli 
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GENERAL REMARKS ON THE POSTTERTIARY AND HUMAN 

PERIODS. 

Whatever may have been the cause of the colU of the glacial epoch, 
there can be but little doubt that by some means the northern portion 
of the continent was raised to a considerable height above the level of 
the sea during the period of its continuance. The resulting glaciers 
extended far to the southward, causing great erosion of the surface over 
a very wide area, but the effects produced near the summit of the Rocky 
Mountains, though frequently of much importance, were usually of a 
local character. The general course of the motion of the ice-sheet 
between the forty-first and the forty-fifth parallels was about southeast, 
varying according to circumstances to a greater or less degree. It may 
be suggested — the writer is not suflBciently familiar with the facts far- 
ther south to offer it as a confirmed opinion — that the cause of the local 
nature of the deposits, resulting from comparatively slight glacier mo- 
tion, was the gradual change of climate after the Pliocene epoch. In 
other words, if the decrease of temperature was almost wholly owing to 
the slow approach of glaciers from the north, we will suppose that the 
Wind River Mountain glacier, for instance, did not fairly begin its 
erosive action until one-third of the glacial epoch had elapsed ; that is 
to say, one-third of the whole time during which the bulk of the glacier 
existed in the north. Now, we know that there was a more or less grad- 
ual reversal of these conditions during the Ghamplain epoch, and it may 
have happened that the climate at the supposed point farther north 
would cause the glacier there to continue as much longer as it had before 
preceded the Wind River Mountain ice-mass. Thus the latter would 
have just one third as much time, with much less force for the perform- 
ance of its work of erosion and transportation. Upon this supposition, 
it is not necessary that the effects produced should be found to decrease 
quite gradually as we go southward, for the amount of erosion or 
transportation effected at any one point depends quite as much upon 
the resistance as upon the power employed. The author must not be 
understood to imply by these remarks that the formation of the more 
southern portions of the great ice-sheet was separated from the Pliocene 
epoch by a greater interval of time than was the case farther north, 
though this may have been true. In such a case, it is more than likely 
that all the southern Pliocene beds are not synchronous with what might 
be called the parachronous beds farther north, using the latter term in 
the sense of beds of the same relative age. 

The Ghamplain epoch, as a whole, was one of relative approach of the 
land elevations to the sea-level, and during this era the climate gradually 
became more mild from the diminished amount of surface above the sea. 
There was then a partial return toward Lower Tertiary conditions, and 
the valleys were partially filled with material washed from the deposits 
of the melted glaciers, which was afterward partly removed by the 
action of the streams during the Tertiary epoch. The fauna of the west 
became enlarged, and finally man entered upon the scene, leaving behind 
him relics of his rude skill, with monuments of his superstitions. Pass- 
ing down thus through the prehistoric period, we next find proofs of 
the existence of later tribes, who have left ns far too little of themselves, 
and by degrees we come to the present Indian families spread apart by 
fortune and misfortune until their tribal relations are even less under- 
stood by each other than by the white man who makes them his study. 

Accompanying man, or rather accompanied by man, in his nomadic 
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<'i)ii(litioD, large herds of ruminating aiiimals next crowd the plains, 
<lenviiig therefrom their Bustenance. With remorseless hand, the wily 
.siMi^'ti diives them from their haunts, and in a few short years spreadH 
tlieir boues far anil wide across the country. Literally exterminating as 
)k! ifocR, for a brief while he rules supreme, when, pushing eastward to 
si'i'k the food-supply of which his reckleso waste has deprived him, he iij 
met by other tribes more savage than himself, presided westward by a 
]M)wer greater than hunger — the onward march of civilization. Theit 
begins another conBict, and the records which have hitherto been the 
pro|iprty of the geologist and the archseologist are silently placed in the 
kci'iiing of the historian, where we must leave tbem, 






CHAPTER Vr. 

STEATIGKAPHY— KECAPITULATION. 

revtetr, with economic cenlogy — Vort Bridget aud Uintah Moiiiitaina — North- 
»8iiuth PaaBUDdCanip ataiiuinugb — Sweetwater gold-miiiea — To Camp Brown 
iross Wind Birer Valloy — Owl Creek MonotaiuB — Sierra Shoshone, &c. — Yel- 
i[ie Park and return. 

It is only intended in this chapter to give a very general description 
of the geology of the district traversed by Captain Jones in 1873, for the 
benefit of those who may require a concise statement of the facts in 
locid order. In connection with this review, some few topics bearing 
upon the economic geology of the region will also be very briefly cousid- 
i-red. Should fuller information upon any special subject he desired, it 
will usually be found more completely discussed iu another portion of 
the re|>ort, which may readily be ascertained by reference to the alpha- 
betical index at the close of the work. 

Trom Creston, on the continental divide, at an elevation of 7,030 feet 
above the sea, the traveler on the CTnion Pacific Railway passes down 
to the valley of Green River, and beyoiiil acfoss the pliiiiis tu thi- WaU- 
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its upper portion is composed of mostly arenaceous beds of the Upper 
Eocene formation, or Bridger group, while its base contains more cal- 
careous beds of the Green River group. The Green River beds are ex- 
X^osed in part in the vicinity of Fort Bridger, and to some extent south- 
ward ; but as we pass toward the mountains, the sandstones and the 
indurated clays of the Bridger group appear at the surface, and finally 
entirely conceal the underlying t'ormatioii. Still farther south, the denu- 
dation has been less effective, and a great thickness of the Bridger beds 
is revealed in the sides of the buttes and benches. In some places, as at 
the locality known as Grizzly Buttes, the erosion has produced remark- 
able forms, and the argillaceous strata are cut through so extensively as 
to afford numerous exposures of their fossil contents, which are very 
largely made up of the remains of extinct vertebrate animals. 

The Tertiary beds in the vicinity of the mountains dip very slightly, 
and they jut against the northern slope of the Uintahs in a manner 
which plainly indicates that they were deposited after the upheaval of 
that range. Thick accumulations of the fine and coarse materials of 
the drift are so common that the structure of the point of junction is 
much obscured ; but examinations of sections at several points show that 
the sedimentary rocks to the close of the Jurassic period were repre- 
sented in the main upheaval. The Mesozoic rocks seem to cover the 
underlying formations to a greater extent in the Uintah range than 
is common in the Rocky Mountain system. 

Drift is abundant and coarse toward the central portion of the Uintahs, 
somewhat gradually decreasing in size and quantity northward. It is 
very difficult, however, without extended examination, to determine the 
amount of this material which may have been the result of glacial action 
iu the Wahsatch Mountains. Accumulations of some extent exist in 
the vicinity of Fort Bridger, to the origin of which a hasty review of the 
country southward furnishes little or no clew. There are very interest- 
ing questions connected with the history of similar deposits over the 
whole district, which deserve careful attention in the future. 

The return from the mountains is much more satisfactory to one 
desirous of gathering only general facts, for it enables the observer at 
many points to obtain views of the country extending over a wide area. 
The traveler across the Green River Basin can obtain but an inadequate 
idea of the vast amount of erosion which has taken place since the depo- 
sition of the horizontal strata, without passing down through the valleys 
of the northward-bouhd streams from the present summit of the Bridger 
group of beds. 

FROM FORT BRIDGER, VIA SOUTH PASS, TO CAMP STAMBAUGH. 

Along our route, the Bridger group is exposed at the surface over a 
considerable extent of country northward and eastward from Fort 
Bridger, and numerous isolated buttes, largely composed of the strata 
of this formation, are met before reaching Little Sandy River, while a 
number exist beyond this point, which are merely capped with these 
beds. Between Bryan and Church Buttes, on the railroad, there is an 
interesting collection of buttes which are weathered into forms slightly 
resembling the Grizzly Buttes, but much less crowded and irregular. 
The Green River beds We exposed beneath the Bridger group over the 
whole country north of Fort Bridger, and beyond the Little Sandy they 
are at the surface almost to Pacific Creek. This formation is now noted 
for the abundant and finely-preserved remains of fishes and land-plants 
which it has yielded, particularly iu the railroad-cuttings not far 

H. Ex. 285 10 
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from Gr«?n River City. A shale bighly cbarged with petroleum i& tilao 
I'ouuil, cotitaiuiDti: the remains of fishes. Tbis was met upon our trip 
above Kobitison's Ferry ou the right baak of Green Hiver, Its fuel- 
properties arefair, but no economical methods of utilizingit have yet been 
proposed ou account of the great amount of waste which clogs the fur- 
nace and smothers the fire. It is not probable that it will soon be brought 
into use, as the supply of better material near at baud will be sufiScieut 
for all demands for a long time. 

The coal of tbis country occurs in a group which underlies the fresh- 
water Tertiariea. It is not exposed along the road between Fort 
Bridger and South Pass ; but it is worked at several points along the 
railroad etmt and west. In the neighborhood of the "NVahsatch Mount- 
ains, the strata are much tilted nnd the coal is easily reached. East of 
Green River City, the coal-bearing group is nearly or quite conformable 
to the overlying Tertiary series, and is occasionally found by boring at 
some distance beneath the surface. East of the continental divide, sim- 
ilar beds underlie a large area of the country, and a thriving mining- 
town has sprung up at Carbon station, half-way between Creston and 
Laramie. 

yhallow-wnter lacustrine beds of the Pliocene epoch are seen in quan- 
tity ticur Patiflf! Springs, though not extending far southward over the 
plains. These have spread across the outlying portions of the meta- 
niorphic series of the Wind River Mountains near South Pass, and they 
have l»eeu greatly denuded since their deposition. Remnants are now- 
left standing in the shape of immense buttes, forming prominent land- 
marks to the traveler in this region. 

Passing northward from Fort Bridger, the drift- material tbios out 
gradually, then incrca-ses by degrees until it is rather abundant near 
South Pass, its size increasing in about the same proportion. Alkali 
I I o tb chalcedonic masses and concretions, deposits of gypsum and 
cal to 1 id interesting change^* in the minor surface- features by wind 
1 ter action, are among the more im|>ortant peculiarities which 
I a hare of the attention of those who shall make the Green Kiver 
the field of geological labors. 
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are noticed beyond in reversed order until the overlying sedimentary 
rocks make their appearance upon the northefistern slope. Quartz and 
feldspathic seams are abundant upon both sides of the anticlinal. Heavy 
drift-deposits fill many of the variously-eroded valleys, and excellent 
roads are built without difficulty on this account. South Pass City and 
Atlantic City are located in deep valleys occupied by tributaries of thb 
Sweetwater, which were in part at least cut out during the Glacial 
epoch, and afterward more or less completely filled with the finer drift- 
deposits, probablj' to some extent during the Champlain epoch. The 
Pliocene deposits extend to a remarkable distance over the metamorphic 
series, being discovered where wells have been dug in i)laces where 
they are covered by the drift, as at Camp Stambaugh, which is almost 
directly upon the divide between the Sweetwater River and Wind River. 

SWEETWATER G0LD-3IINES. 

Some opportunities of observation having occurred, the gold-mines 
of this section, known as the Sweetwater mining country, were exam- 
ined in company with Captain Jones, with as much care as time would 
allow. It should be here stated that the writer is greatly indebted to 
the proprietors of the mines now in operation, and particularly to Mr. 
James Smith, of Atlantic City, for facilities given, in every case very 
courteously rendered and without hesitation. 

The gold of this region occurs in thick veins of impure quartz among 
the schists and gneissic slates of the northeastern side of the anticlinal. 
The greater portion is disseminated through the matrix, but it not un- 
frequeutly is found in cavities in the quartz in fair-sized fiakes or scales. 
Silver is frequently a^ssociated with it, and iron-pyrites in varying 
proportions is rarely absent. There are at least two prominent lodes, 
which may be called the Cariso and the Miners' Delight. The 
mining-section is locally divided into two portions, known as the Sho- 
shone and the Miners' Delight districts. The Shoshone district, in par- 
ticular, has been the scene of great excitement, and signs of compara- 
tively recent prosperity are evident in the numerous fine dwellings, 
hotels, factories, and other concomitants of mining-settlements, which 
mark the sites of the now deserted Atlantic and South Pass cities. The 
mines have not been exhausted, and some are yet in operation ; but so 
far as could be learned, the entire lack of capital and the cost of trans- 
portation of the ore to points where it can be worked, have caused their 
gradual abandonment or suspension. The small number of remaining 
inhabitants of the two cities — not more than thirty in all — are very 
sanguine of ultimate success, and it is quite probable that a railroad 
through this country would add the necessary incentive to the profita- 
ble development of these mineral resources. 

The notes upon these mines, active and abandoned, will be given in 
order, beginning at South Pass City, in the Shoshone district. The 
natural facilities for placer-mining are very good, and the channels of 
former ditches are by no m^ans uncommon. Some of these exist in 
the neighborhood of South Pass City. Numerous ** prospect-holes" are 
to be seen in all directions. 

Cariso mine, — Not now in operation. This mine has yielded well, and 
much labor has been spent in its working. Very good buildings, with 
good but not extensive machinery, are still standing above the main 
shaft. The shaft has been sunk two hundred and tefi feet, in a tough, 
dark qnartzite with numerous thin, quartz veins. Slarshairs shaft is 
ninety feet in depth, and has a tunnel along the vein, toward the main 
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i-baft, ODe bandred aod eisty-five feet id leDgtb. Tbe vein is here fonr oi 
ji\-e feet iu tbiekne»s, dipiiing 70' to the Dortbeast, being conformable to 
Iheadjaceot rocks. Some free gold is fotmd ia tbe cap and wall rook, and 
the sbaftB and tunnels have been excavated partly in tbese. A ricb spe- 
cimen from tbe banging-wall represents a reddisb or speckled, rather fria- 
ble, qnartzose layer, witb tbe gold finely disseminated. Tbis rock very 
readily splits into tliin laminse npon exposnre to tbe air, owing, doabt- 
k-ss, to tfae quantity of ferric oxide wbicb it contains. Tbe average of tbe 
gangne is more refractory quartz or qnartzite. Iron pyrites is more or 
less abaodant, occasionally being found iu the form of cubes in the attle, 
or refuse. Veri' little water was met before reaching a depth of twu 
buudred feet, but tbe reason given for suspension of the work is ina- 
bility to snpply pamping-macbinery, which is now rendered necessary. 

Young America mine- — Suspended or abandoned. Across a ravine, 
easterly from the Cariso mine, the Young America shaft, ninety feet iu 
depth, has struck the same lode. Considerable silver is found in the 
attle, but it has never been worked, though said to exist in suflicieni 
quantity if tbe more valuable gold were not present. Tbis mine has Dot 
yielded as well as tbe Cariso; tbe average beiug not more than if'2o per 
ton. 

Irishman and Hkeridan mine. — Sot in operation at present. Two 
miues, consolidated under tbis name, have a sbatt ninety feet in depth. 
The rock which was worker) yielded fairly, but it is not extremely rich 
in gold. In general, it is an impure, hard quartz, but much decomi>osed, 
in parts containing pyrites. 

There is apparently a " horse " in tbis mine, containing a considerable 
quantity of magnetite. 

Below this mine a few rods, tbe Grecian Bend mine was opened, with 
the hope of reaching tbe same lode, but was linally abandoned. Ten- 
nessee, Goldeu Gate, and Flora are the names of other mines, which 
were opened and prosecuted with compai-atively little success, though 
with fair prospects.. The Bamaby prospect-pit, farther eastward, was 
Mink with a view of striking the lode on which the Duncan mine is 
located. 
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of gold is less than at the Cariso, but it will probably average S20 or 
more to the ton if properly worked. 

Mary Allen mine, — Suspended. This mine is located one mile and a half 
eastward from the Duncan, apparently striking the same lode, which 
seems to turn very slightly to the north in that direction. It was not 
visited during our trips. 

BucJcci/e mine. — Now being worked by McBurk, Lawn, and Dawkins. 
The metamorphic rocks are here nearly vertical, but the vein appears 
to have filled joint-fissures near the surface, making the dip of the 
lode at this point from 34^ to 39^ southwest. They have apparently, 
by sinking a shaft, also struck and worked another smaller vein or 
branch below, with much the same direction, which does not come so 
near to the surfa<;e. Along the upper vein, and penetrating in the same 
way the lower, a thin foreign seam occurs, with a fine example of '• slick- 
ensides," where it comes in contact with the quartz vein. The upper 
vein near the surface is about nine feet in thickness. At the lower end 
of an incline, seventy-six feet from the entrance, it is about four feet in 
width, but the gangue is richer. The gold-bearing rock from the bottom 
of the shaft and on the side of the incline is a tough but broken quartz, 
with some visible particles of gold. 

Between this mine and Camp Stambaugh, the Caribou mine, not far 
distant, and a few placer and other mines in Promise Gulch, were 
hastily passed for lack of time to examine them. 

Young A7ne)Hca mine^ {East End^ Miners' Delight,) — Xow in operation. 
The dip of the lower wall averages 72^, 8. (Sb^ E. The shaft, which fol- 
lows the vein, is one hundred and eight feet in depth ; first level, sixty 
feet below the surface, the portion of the shaft above being on an incline. 
The width of the vein varies from nothing to four feet. The lower wall 
of the workable portion is quite quartzy, and there is much adhering 
quartz in many places on the hanging-wall. The average yield is about 
815 per ton, and the working is easy. The proprietors run a twenty- 
stamp mill, and the hoisting- machinery and the timber- work are in good 
order and substantial. At a depth of less than one hundred feet, the 
shaft runs vertical for twelve feet, and then bears northward. In the 
center or to one side of the vein, often in pockets, occurs a blackish 
rock-material, which decomposes readily. At a depth of one hundred 
and five feet, water issues from the wall in a good-sized stream. The 
gold is here often found in large scales in the quartz. 

The Miners' Delight district is now more thickly settled than the 
Shoshone district, and more or less of an impulse has been given to this 
section by the success of those who have opened mines. Several other 
prominent mines are worked, which could not be examined for want of 
time. These few notes give but a bare outline of the facts ; but the 
report of Captain Jones will, doubtless, contain other items of information 
connected with their economy. Mr. K. W. Eaymond, United States 
Mining Commissioner, has given these mines due attention, and he has 
already published more complete accounts of them. 

FROM CAMP STA>rBAUGH TO CAMP BROWN, THENCE ACROSS THE 

WIND RIVER VALLEY. 

On the western slope of the Wind lliver Mountains, near South Pass, 
no signs of strata older than the Tertiary were discovered ; but upon the 
northeastern slope many fine sections were afforded, exposing represent- 
atives of the great groups of the western sedimentary rocks, from the 
Silurian to the Cretaceous, inclusive. By comparing and elaborating 
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tlie materials collected from various poiDte, it is ascertained tbat tbe 
folloniiig formatioii.s are represented in ascending order, above the niet- 
anioi'iibics : 

1. Potsdam sandstone. 

2. Qnebec sroup limestone, &c. ■ 

:i. Nia^ra limestone, (cbeit.v and doloiuitic.) 

4, Carbon iferons group. 

5. Triuesic red sandstones. 
(>, Jurassic limestones, &c. 

7. CretaceoQS beds. 

8. Tertiary (miocene !) beds. 

0. Pliocene t clays and soft oi' loose arenaceous beds. 

10. Drift-deposits of glacial epocb. 

11. Cbamplain deposits. 
Z'J. Terrace- format ions. 

13. Becent accumulations of blown sand, &c. 

Tlie streams flow down from tUe mountains by a very direct course 
to tbe plains tbrougb tbe sedimentary strata, including the Cretaceous 
and occasionally the Tertiary, A fold in tbese rocks is then met, which 
turns the more southern of the streams more or less to one side, sometimes 
for a abort distance in a directiou opposite to tbe general course of the 
Wind River. Several of tbese folds stretch along tbe Wind Eiver pla- 
ti-an, being variously eroded at different points. 

There are several places between tbe Little I'opo-Agie and Camp Brown 
wljere tbe Triassic gypsum-beds are thus exposed in a manner which 
njakes them quite accessible, as well as the valuable building-stone, which 
wfinld otherwise have been kept coiicealetl. Several extensive seams of 
coal outcrop in the Cretaceous series, and a portion of it may hereafter 
jnove of economic value, though it is mostly of au iuferior quality 
so tar as .observed. Just beyond the Little Popo-Agie, and on the Little 
Wind Kiver below Camp Brown, oil-springs exist, which bid fair to Ih-- 
come of imiiortaiice in the future. That near Camp Brown has already 
"irnisheda ■luaiititv of iisiib^iltuiii hv its i-viiDcjiaiinn a^i it lio' 
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OWL CREEK 3I0UNTAINS, SIERRA SHOSHONE, ETC. 

The uietamorphic naeleas of the Owl Creek range is not well exposed, 
being covered, except in a few isolated localities, by the early sediment- 
ary rocks. Glacial action and the consequent deposits of bowlders and 
finer material are abundantly manifested, but especially upon the north- 
ern side and in the canonfl or narrower valleys of the streams. 

The country between Owl Creek and the Gray Bull River is very 
rugged. Beds similar to those south of the Owl Creek Mountains con- 
tinue. Lignite or coal, some probably valuable, iron-ore, and gypsum 
4ire not scarce. The Tertiary beds are very scanty, and it is difficult to 
determine their original distribution. Drift continues abundant, and 
interesting studies in dynamical geology, including water-erosion, w ind- 
action, and other subjects, could hardly be more favorably presented than 
in this section. Cretaceous strata are most common along our route, 
but lower beds are occasionally seen. 

From Gray Bull River to the Stinkingwater Valley, the surface is 
less rugged, but it still shows great erosion. No new developments of 
structure can be made out until the divide above Short Fork is reached, 
when we are obliged to descend by a very steep trail to the tributaries 
of the Stinkingwater. Here the volcanic conglomerate, which makes 
up such a large portion of the mass of the Sierra Shoshone, is seen as» 
detached fragments scattered upon the hills, and to some distance upon 
the plains. An examination of the main portion as it is exposed back 
upon the higher ridges near Washakie's temporary camp, reveals large 
quantities of silicified wood, sometimes in small pieces, but often as 
large logs and trunks of trees. Passing beyond across Ish-a-wo6 a 
River to the North Fork of the Stinkingwater River, more outcrops 
of coal are met, and a dying sulphur-spring. Near this point, a fair 
section is afforded, including the Triassic beds. 

As we pa«8 up the North Fork, the volcanic rocks increase in quantity, 
at first covering the sedimentary rocks, without obscuring them, but 
shortly becoming so thick that the streams have not cut to their base, 
thus continuing for many miles, completely concealing the structure of 
the original range. In fact, little or nothing was learned of the under- 
lying rocks, while passing through this canon, except what was gleaned 
from a very few exposures toward the lower end, with an occasional 
outcrop of some of the later strata in most unexpected places. The 
eruptive rocks extend westward over a vast extent of country far be- 
yond the limits of our reconnaissance, and they constitute one of the 
most interesting features of the geology of the West beyond the Rocky 
Mountains. The canon of North Fork has been cut to a depth of many 
hundreds of feet in this material. 

The Stinkingwater Pass is a narrow opening between two high points 
on the divide between the North Fork and the Yellowstone Lake. 

THE YELLOWSTONE PARK AND RETURN TO CAMP BROWN. 

The geologist who reaches the park from the east, by way of the 
Stinkingwater Pass, will soon find his attention drawn from the study 
of the more ancient deposits to the consideration of the rare and too 
little understood phenomena attendant upon the closing stages of vol- 
canic activity. Almost the whole tract is covered with hot springs and 
geysers in the greatest variety, and iii many places the older stratified 
-deposits are not visible. TJie Pliocene lake-deposits are very promi- 
nent, high above the present sheet of water, and they extend to a con- 
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siderable distance nortbwarcl, where tlieir connectioD with tlie volcanic 
mitflow oi>eus a field tor caix'ful hivestigatiou. At otber poiuts, partic- 
ularly northward, the earlier sedimeutary strata outcrop in some cases 
;i3 far back as the Sihirian and even to the metamorpbic rocks. Follow- 
ing down near the lake-sbore to the river, and descending the latter for 
tifty wiles to the bridge, one has tlie advantage of meettog with the 
tacts in such order as to obtain an imderstanding of their significance ill 
the best manner possible in a limited time. Then making the trip to Gar- 
diner's Eiver, where the hot springs are at work upon the grandest scale, 
he is better able to comprehend what he sees, and to apply the knowl- 
edge thus gjiined to the future study of the geysers iu another section. 
It is unnecessary to dwell here npoa any of these pheuomena, which are 
to be discussed by themselves, and which are of such special interest 
that no general statement couceruing them would he at all satisfactory. 
We will, therefore, hastily review the country southward and eastward 
to Camp Brown, the closing point of onr labors. 

South of Yellowstone Lake, although the volcauic rocks still continue, 
there are uamerons places in which the sedimentary strata are revealed 
beneath them, or are uncovered by them. These occur mostly on the 
banks of streams which are tributary to the Snake Eiver. Ou Lava 
Creek the granites are exposed, overlaid by a quartzose sandstone, 
which is probably Potsdam, and this by limestones, which may be of the 
ages of the Quebec group and the Xiagara limestone. Cretaceous strata 
are exposed before reaching Lava Creek on our route; also the coal- 
bearing series on Buffalo Fork. The strata containing the coal are 
nearly vertical and iu folds, so that the beds are several times exposed 
along the cauou within a st^rt distance. Much of this coal is very good,, 
and will, doubtless, some day be of value. Drift is very abundant in 
some places between Two-Ocean Pass and Togwote Pass. Near the 
latter point, the eruptive rocks are largely denuded, if they ever covered 
the lower strata, and the sedimeutary rocks are finely cut through dia- 
g,mally by the Wind River, exposing numerous good sections. Before 
rt-achingSorth Fork, this river has passed through the later formations, 
mill IS tlitii Jilinost rntiielv walled bv the Terliarv beds for the re- 
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readily raised in many parts of the Wind River Valley, where the facil- 
ities for irrigation are of the best. The deposits of coal and oil ca!> 
doubtless then be utilized; the inexhaustible store of building-material, 
of stone, and the abundant supply of timber will furnish ample accommo- 
dations for the settlers, as it has already done at Atlantic City, South 
Pass City, Miners' Delight, Camp Stambaugh, and Camp Brown. The 
gypsum-deposits will be found valuable and easily obtainable, while at 
no very great distance iron-ore may be cheaply worked. The main rail- 
road through this country will probably be on the regular route to the 
National Park from the East, and distant markets* could be supplied 
with the products of this section. The Potsdam sandstone, it is very 
possible, is in some parts well calculated to be used in the manufacture 
of glass, and a good quality of lime can be produced from much of the 
limestone. 

Everything considered, the Wind River Valley is the most favorable 
locality for this development, but it can be extended across the Owl 
Creek Mountains to the Shoshone plateau and beyond without difficulty. 

The rich fuel-deposits along the line of the Union Pacific Railroad 
will some day demand the introduction of an agricultural population to 
furnish the food-supply. Very many localities are now very favorable 
for grazing purposes, and the soil is, as a rule, very rich in the necessary 
ingredients of plant-food. In most places irrigation is all that is needed 
to turn the desert wastes into productive fields, as has been done in the 
Salt Lake Basin, and on the Rio Virgin, by Mormons. The possibility 
of irrigation is a deeper question, but it is certain that much can be 
done in this direction even now, while the capabilities of the future will 
very largely depend upon the measures which are adopted to husband 
and distribute the water-supply. There are those, and the author is one, 
who believe that the results to be obtained in this way will be almost 
exactly commensurate with the time and money which may be spent in 
diligently working out the problem of the influences of vegetation upon 
atmospheric precipitation. This is not the place for argument upon 
this subject, and this reference to it is all that can here be made. 
Enough has been said, however, to show that the possibilities of 
fidvancement are far greater than many have imagined, and it will be 
found that these views are shared in common with the great majority 
of observers in this region, who are competent to form an opinion from 
the facts. 



CHAPTER VII. 

DYNAMICAL GEOLOGY— ELEVATION, EROSION, AND DENUDATION. 

Monntain Elevation — Erosion and Denudation — Glacial Action — Aqiueous Action — 

Peculiar Effects of Erosion— Wind Action. - 

In all the preceding chapters we have dealt mainly with results, 
studying the history of each epoch from its completed works, and pay- 
ing but little attention to the forces which have aided in their produc- 
tion. In Chapter II, when reviewing the general surface-features of 
the country, it was stated that there are many physical peculiarities 
which are at first sight remarkable, and which must be, in a measure, 
explained, before one can fully appreciate the great changes which have 
taken place in this portion of the Rocky Mountain region since the 
formation of the earliest strata. This portion of the report is, there- 
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(me, devoted to a coosideratiou of tbe causes of these clianges, with a 
more complete acconat tUan has previously been giveu of the direct 
ett'ects ; that iB to aay, the indirect, or ultimate effects, will require little 
notice, as they have already been discussed in the chapters on stra- 
tigraphy. In other words, we are now to deal, in a general way, with 
foi'ues which have been at work msre or less permanently, and we shall 
endeavor to trace their action in the production of results, many of 
which have been alreafly considered. The subject will be topically dfs- 
citsaed, somewhat systematically, but with scarcely any regard to local 
or (^Iirouologieal sequence, escepC in the treatment of minor or Sjtecial 
topics. 

ELEVATION OF MOUNTAISS. 

It lias been elsewhere remarked that the elevation of the Wuhsateb 
and Uintah ranges was accomplislied before the chain of the Rocky 
Mountains eastward had risen to any extent above the ocean. This 
conclusion was reached by Clarence Kiug, from the fact that the Cre- 
taceous beds extend up to the eastern base of the Wahaatch chain, but 
they are not found upon the western slope. The relation of the Cre- 
taceous strata to the underlying rocks in the neighborhood of the Wah- 
satch and Uintah ranges also favors this belief. Previous to the deposi- 
tion of the Paleozoic strata, an uplift of limited extent occurred in 
Arizona, according to the published reports, and some statements have 
ln'cu made iu Chapter III of this reiwrt, which point toward the coocln- 
sioii that there may have been a slight elevation somewhere in the 
neighborhood of South Pass during early Paleozoic times. This latter 
supposition requires further evidence, however, for its support. The 
Wahsatch and Uintah ranges, then, were uplifted toward the close of the 
.huassic period, with a broad area westward, the whole of which was 
thrown into a series of parallel tbhls, with a general north-south trend. 

The upheaval of the ranges composing the Bocky Mountain chain, 
east of the Wahsatch range, took place at a later date. The disturbance 
iijipears to have commenced during some portion of the Cretaceous 
jieriod, and to have cnntinuad griuluiilly until it.-s tlos.-. Kin^:' aUo r<.' 
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roli^s, and solfataras, in almost incouceirable numbers, were left tbrongU 
succeeding ages to attest by the accumulation of enormous mineral de- 
posits the persistency of the Bubteiraoean beat. Many of thesu still 
remain, but they are slowly dying out, aud it is evident that tbey rep- 
r^^ent the last stages of the volcanic action. 

The development of tbe eruptive rocks is very great westward, and the 
, >. author would here express liis obliga- 

^_g/ \ \ Z tions to those investigators whose 

•flares,. \ \ 'i : writings have enabled liim to obtain 

additional evidence of the truth of sev- 
eral opiuious which were formed in the 
field, aud largely confirmed by tbe study 
of uotes and specimens. In the suc- 
ceeding pages these views will be freelj' 
expressed, together with the facts u|»ou 
which they are based. 

lu the lower portion of tbe canon of 

theSorth Fork of Stinking Water Uiver 

i there occurs a peculiar patch of Tertiary 

: rocks, lying nearly horizontal upon each 

_ j side of an almost vertical dike of com- 

?^i =^ pact andesite, in such a manner as to 

^^ta| ,.5 leave no room for doubt that some of 

^^ « s f tbe volcanic rocks were deposited prior 

i^i —S to the existence of tbe freshwater 

■.5 - z Tertiary lake in which tbe horizontal 

p ; beds were formed. These strata are 

' -zz composed of about 300 feet of clays aud 

' cTI- iight-bufi' sandstones, verj" similar to tbe 

r; Pliocene beds in the neighborbootl of 

■ii: South Pass. It was impossible to deter- 

St mine whether this basin was^continuous 

^^ with an outside lake during;the deposi- 

^ it tion of these strata, but it appears to 

jciS have been quite isolated, and not more 

J.5 than a dozen square miles in ai-ea. 

J^2 Figure 14 illustrates the section relerred 

J to. Similar Tertiary beds, with nearly 

^ the same relation to the lower volcanic 

^ conglomerate, also occur near the junc- 

|_ tion of tbe Owl Creek Mountains and 

E the Sierra Shosiione, at a much higher 

J level than these. 

i Beyond this point the dikes are very 

1' numerous, but usually rather narrow, at 
:i first cut through by the stream with a 
-i general^ north-south trend (parallelwise 
to.the axes of the folds in tbe underly- 
ing' sedimentary rocks,*then becoming 
wore abundant and irregular and crossing each>tber in almost every 
direction. Figure 15 gives an outlineview of severalfdikes, as seen in a 
cliff on tbe right bank of the sream, a short distance below Camp 34. 

The conglomerate frequently contains large masses of the sediment- 
ary rocks, particularly those of Tertiary age, which are often baked so 
bard as to give a peculiar metallic ring when struck with the hammer. 
lu these not unfrequeutlyAnely- preserved specimens of leaves of augio- 
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. are found, almost indelibly impressed upon the rock, luucb after 
nner of tbe porcelain print. Logs, stumps, and even trees siliei- 
i found ill many places in large quantities. 

The effects prodriced upon 
tbe seilimentary beds l>y the 
5 outpouring of tbe beateil 
ll Tolcanic material upou tbeni 
" are veiy inBtrnctive, Huid 
■g limestones have become frill- 
^ ble, sandstones have bieu 
.E changed to tbe testure of 
= quartzite, and beds of g.vp- 
M sum Lave been very umcb 
•= hardened where they have 
jt not been converted coiu- 
;£ pletely into anhydrite. Some 
J. beds of eherty limestone 
■5 Lave also been rendered 
a even .more compact aiid 
3 tioely -jointed, and apparent- 
= ly some beds of sandy marl 
^ have been locally trans- 
" formed into quite compact 
- but much-jointed rock. 

As we pass up the caiioa 
I of Xorth Fork the conglom- 
I eraies are interst ratified 
M with and overlaid by thick 
" beds of trachytic material 
laryiiig in texture and in- 
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the Cretaceous mountain-chains, but wherever the Cretaceous beds are 
exposed in the vicinity of its ridges they are invariably involved in the 
folds; it must, therefore, be considered a portion of the Rocky Moun- 
tain system. From a review of all the facts which bear upon this sub- 
ject it is inferred that the nucleus of this concealed range is to be found 
in a belt of granites and other metamorphic rocks extending northward 
from T6gwote Pass, bearing about Id^ to the west, and crossing the 
East Fork of Yellowstone River just above its mouth. If this be the 
case, the range formed a part of the northward continuation of the main 
geological divide of the Rocky Mountains, or the prolongation of the 
axis of the Wind River Mountains. 

The early outflows of igneous material were accompanied by masses 
of the stratified rocks, broken from the walls of the fissures no doubt in 
many C2ise% but also, it is probable, entangled in the liquid stream from 
the upturned edges of tilted beds, caught from cliffs, and in other ways 
accumulated until thick beds of conglomerate had been deposited. As 
a rule, the successive outflows are arranged in a stratified manner, and 
the lower layers follow closely the inequalities of the pre-existing sur- 
face, wherever the latter is exposed. The overlying layers, and especi- 
ally the lavas, have gradually filled the depressions until the later 
outflows have passed away from the fissures over a comparatively 
even course. In some places large patches of stratified rock have 
apparently been engulfed in the lava-flows without removal from their 
position ; and there may be seen in the left wall of the canon of the 
Yellowstone, not far above the mouth of Hell-Roaring River, and at 
other points, the upright trunks of large trees, which may have grown 
where they stand. None but the earlier outflows extended eastward to 
the mouth of the North Forli of the Stinking Water River, or, if so, they 
were removed from a broad area prior to the deposition of the provis- 
ional Pliocene beds. No sudden bfeaks are noticed, however, westward 
to the Stinkingwater Pass, but the change from fissure to crater erup- 
tion seems to have been rather gradual. 

It is possible that the eruptive rocks of the Jurassic upheaval extend 
eastward beneath a portion of the district under consideration, but this 
IS rather doubtful. A limited outflow took ])lace after the Cretaceous 
period, and perhaps prior to the Miocene epoch, but the groat lava-flows 
probably occurred during the Miocene. Much more investigation is re- 
quired beforethedetailsof thishistory canbe made out with certainty', but 
it is believed that the foregoing statements, though of necessity less com- 
plete than the material collected warrants, are yet generally correct. 
Prof. Joseph Leconte, of the University of c3alifornia, has published, in 
the numbers for March and April, 1874, of the American Journal of 
Science and Arts, two admirable articles upon the subject of the lava- 
floods, with whose conclusions in the main the present author heartily 
concurs — the chief differences in the facts being due almost entirely to 
local causes, independently of age. It would be a pleasant task to follow 
this subject to the end, but the peculiar difficulties under which this 
report is prepared forbid further discussion, and it is very reluctantly 
dropi)ed at this point. 

The Owl Creek range is a kind of spur or shoot from the angle formed 
by the bending eastward of the main axis of the Cretaceous upheaval, and, 
with the many folds of similar date, doubtless served as the mechanical 
expression of much of the elevating force which would otherwise have 
been converted into heat for the melting of the rocks. 
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ASCIEXT ER03I0>' ASD DENUDATION. 

Perhaps tbe gi'eatest difficulty in the way of generalizing cnrrectly 
upon the resalts of flpld-work is that of determining accnrately eveu 
tlie main surface featDres of the country at any given period in tlie 
past. It is rare, indeed, that one will tind each succesfiive step in the 
history so clearly and unniistnkably revealed that it may he rend with 
ease in a hasty passage through a complicated district. There can be 
no donbt that erosiou has been as active in past times as at pres- 
ent under like conditions. We must, therefore, believe that each auc- 
cirditig formation has been built up from the waste of those which have 
preceded it, wherever the latter have been exposed to disintegrating 
iiirt[ience9. The evidences of excessive deuudntion of some portion of 
tlie earth's surface during the Paleozoic era are abundant, Hbt there is 
no proof of tbe existence of extensive tracts of land high above the sea- 
)>'V('I, in Western Wyoming, until the period of the Jurassic upheaval. 
Tlie elevation of tbe Wahsatcb and Uintah ranges, with the accom- 
p;iiiyii]g Sierra Nevada chain, then furnished ample material for the 
accumulation of tbe arenaceous and other deposits of the Cretaceous 
seas, and the succeeding estuaries and freshwater lakes. Subsequently 
tbe uplifting of the Rocky Mountain chain added largely to the snper- 
aipieoiis surface, and, notwithstanding the conservative effects of the 
Inxunant vegetation during much of the Tertiary period, the country 
was denuded to an extent sufficient to produce at least three thousand 
feet of lake-sediment over a very wide area. It is safe to conclude that 
tlie average height of tbe mountains in this section was reduced by de- 
niidiitiou fully one thousand feet during tbe Tertiary perioil alone, and 
if we add to this the accnmulation at their base of more than three 
tlmusand feet in thickness, we shall have a reduction in altitude, from 
base to summit, of four thousand foet since the Cretaceous upheaval, 
without taking into account the denudation during tbe Glacial epoch. 
There are good reasons for believing that this estimate is much Coo small, 
fur the Eocene beds of the Green Kiver Basin present a thickness of cer- 
t^iiiily liiur thousand feet. Two thousand feet of beds which are proli- 
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be learned of the early denudation, but in both of these the drainage 
appears to have been mainly northward* and eastward, as at present, 
though not in all cases through the same channels. 

GLACIAL ACTION. 

To one accustomed to the heavy drift-deposits of the East, often bear- 
ing evidence of transport for many miles, the local nature of the 
western accumulations, in view of the excessive erosion which has been 
produced in certain sections, is somewhat bewildering. It is unneces- 
sary to repeat here the facts and explanations which have been offered 
in Chapter V, but an attempt will be made to give a more satisfactory 
review of some topics which were there too briefly considered. 

It has beed remarked that the general course of the glacier move- 
ment was southeastward, varying more or less according to the resist- 
ance encountered, and spreading out, in some cases, nearly at right 
angles from the sides. In the Wind River range the main glacier fol- 
lowed a course apparently not strictly parallel with the axis, but trend- 
ing slightly more toward the east, so that the erosion was usually much 
greater upon the northeastern slope. From the top of the Chimney Rocks, 
in the axis of the range, the whole country northward and eastward can 
be taken in at a glance, but the view in the opposite direction is ex- 
tremely limited, being almost entirely confined to the exposures of the 
metamorphic series. 

There are many remarkable features m the erosion of channels which, 
from their form and the partial filling in of undoubted drift-deposits, 
no one would hesitate to refer to the Glacial epoch, but which it taxes 
the mind to trace to their special causes. The absence of grooves 
or strife from sections in which the volcanic products are almost universal 
maybe accounted for by the rai>id weathering ; but it is more diffi- 
cult to understand why they should not be found in the harder and 
more durable metamorphic rocks. The only instance during our trip in 
which I was able to detect anything approaching to the nature of a 
glacial mark, was in the case of a very limited outcrop of a dolomitic 
limestone above the Niagara, which had upon its surface two or three 
faint scratches, which may have been quite recent. 

In the valley of the East Fork of the Yellowstone, and on Lava 
Creek, a quantity of very large granitic bowlders are strewn over the 
surfaces ot the higher terraces, and similar masses of granite occur 
isolated and in moraines, in the central portion of the Wind River 
range. In the latter, outside of the nucleus, large masses of the strat- 
ified rocks are occasionally seen standing by themselves, but usually in 
such positions as to indicate transportation very gradually, and for 
short distances only. The bowhlers becoming smaller extend out into 
the plains, and some of them are composed of the material of the 
sedimentary rocks, sometimes containing fossils. 

The general course of the glaciers over the igneous district was not 
very different, and all the observed peculiarities of the drift in this 
region are traceable rather to the outlines of the surface and the texture 
of the rocks than to any important difference in the glaciers from those 
farther south. In the upper valley of the main fork of Owl Creek 
there are extensive accumulations of bowlders running down from the 
east in low ridges, similar to those noticed in the Wind River Val- 
ley. The erosion was rather uneven, and the southern-bound glacier 
seems to have met an insurmountable obstacle in the Owl Creek range, 
and to have been deflected from its course ; or, perhaps, the erosion 
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was effected by separate glaciers esistiog at dififereut times, and possi- 
lily pai-saiiig dififerent cours*. At any rate, tUere is abundant evi- 
dence, also, of the final deposition of volcanic-drift material at tbe base of 
t!ie mountains, between the upper and lower cafions of Owl Creek, far 
to the eastward. Mere glimpses were obtained of the wonderful his- 
tory which is yet to be unraveled in this region, but enough was 
learned to show that these deposits and their channels are but the 
subordinate parts of one system, in unison with similar accnmulations 
in other portions of the district. 

Between Pacific Creek and Lava Creek, and in the valleys of Lava 
('reek, Bnffalo Fork, and Kock Creek a large portion of the drift ia very 
liiicly comminuted, and this ia often the case elsewhere in the volcanic 
district, especially where the lava* prevail. Many of the utetamon>hic 
bowlders may hare come from tbe volcanic conglomerates. Much modi- 
tied drift, probably of the Cbamplain epoch, occurs in the valleys of 
liiiffalo Fork, Kock Creek, and in other places, of which tbe later ter- 
races have been formed. In these cases, and perhaps in many others, 
there is evidence that a part, at least, of the valley was cut out by a 
glacier, and tbe same may be said of portions of the valleys of the 
majority of the streams in the Uintah and the Wind River ranges, a.s 
well. As before remarked, however, it is almost certain that the narrower 
canons of many of tbe streams have been for the most part, or entirely, 
cut by running water, partly or wholly since the Glacial epoch. In 
some places the streams have plainly turned from their original conrses 
to cut deep cailons through solid rock; at other points these canons, 
though narrow, bear unmistakable evidence in the shape of drift-deposits 
that they were partly cut as early as the close of tbe Glacial epoch, 
while some even appear to have been in progress during the Tertiary 
period. 

From the facts that have been given in this and a previous chapter, 
it cannot be doubted that, whether the movement were rapid and 
t-vanescent, or very slow and longer continued, the element of power 
^^'a.s present, though it seems to have become concentrated in its effects, 
causing extensive erosion with little transportation, comparatively. 




RECONNAISSANCE OF NORTHWESTEEN WYOMING. 161 

dennclatioo had been accomplished prior to the close of the Post-Tertiary 
perio<l, and it is probable that local glacial action had much to do with 
the early erosion, though I have had no opportunities of observation of 
such eflfects, except in the vicinity of the Uintah Mountains and near 
South Pass, in both of which cases there is no doubt that extensive 
denudation was accomplished during the Glacial epoch. Of the great 
effects which have since been produced, the largest part must undoubt- 
edly be attributed to the action of running water during the Terrace 
epoch, in comparison with which the amount is very small which has 
taken place in modern times. Nevertheless it must not be thought 
that the erosion now in progress is by any means of trifling importance. 
On the contrary, it would be a simple matter to bring forward abundant 
evidence to prove that the amount of the material which is annually 
removed by the streams is excessive when compared with ordinary 
standards. There are many causes of this, a few of the more important 
of which may here be mentioned. 

1. The great altitude of the region. — Two prominent results accrue from 
this cause, viz, the accumulation of snow in the mountainous districts, 
and an increased force to the currents of the streams arising from the 
greater slope of the surface. 

The accumulation of the greater portion of the atmospheric precipi- 
tation during a long winter causes powerful freshets in the late spring, 
which produce greater effects upon the surface tUan would be accom- 
plished by the same amount of water passing off gradually. The 
mountain-slopes give free scope to the action of gravity, and the streams 
strike the plains with a force suflftcient to carve out deep channels in 
the soft strata, and to remove large quantities of the finer material, as 
sediment, to great distances. 

2. 2 he alternate melting and freezing of the snow by day and night — In 
this section of the country during the months of late spring and sum- 
mer there is usually much difference in the temperature of the days and 
nights. The snow in the mountains thus melts by day and freezes by 
night, causing alternations in the level of the streams of considerable 
magnitude. In some instances these changes are so regular for days at 
a time as to closely simulate the ebb and flow of the tide in rivers com- 
municating with the sea, except in the length of the intervals. The 
frequent importance of very slight diffi?reaces of this nature, dynami- 
cally considered, will be readily' acknowledged. 

3. The chara<iter of the rocks. — This influences not only the amount 
but also the character of the erosion. Accordingly we find that the 
Bridger beds, where they have not been entirely removed by the long- 
continued action of the streams, are left standing for the most part as 
isolated hillocks, though these vary greatly in size and frequency. The 
harder Green River beds are usually more regularly and perpendicu- 
larly worn. Between the extremes nearly every possible form may be 
met, according to position, and other circumstances which are generally 
not difficult to understand. To this cause must be mainly attributed- 
the irregularity in the results which have been produced, for the aque- 
ous eroding agencies, thongb not constant in their intensity, have prac- 
tically always held about the same relations to Isach other as at present. 

These and other agents acting in concert are steadily degrading the 
surface by undermining the cliffs, washing out the alluvial deposits from 
the old stream-beds, and transporting the finer material to points be- 
low. One who has only seen these stream-beds in the late summer or 
early fall, when they are traversed by mere wiry rivulets, can form no 
adequate idea of the powerful river-torrents which fill and often over- 

H. Ex. 285 11 
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flow tbeir banks for several weeks early in the season, so thorongbly 
clinrgGfl witb sedimeot as to appear more like mud than water. 

The foregoing remarks will aiiply almost equally as well to the Wind 
Eiver Viilley aud to other portions of theBoclcy Mountain region where 
the couilitioDB are similar, but there are usually minor differences, de- 
lif;udent upon s variety of circumstances which are more or less st>ecial 
in occurrence. The sandstones are at the surface over a large portion 
of the Wind River plateau, which has cnnsed the erosion to result in 
valleys and gorges similar to those which have been cut through the 
beds of the Green Kiver group. In some cases peculiar bottes of small 
size remain, and Crow Heart Butte nod another similar to it, in the main 
viilloy of Wind River, are in some respects like the more regular ones 
of the Bridger group. There are also " bad lands," exposures of the 
indurated green and red marls of the Wind RiverTertiary, near the 
iiiountainsandin the npper valley where the upper sandstones bare been 
worn away, having a peculiarly rugged iispect. These may very appro- 
priately be named the Gothic Buttes. The peculiar mixed structure of 
some of the sandstone-conglomerates of this formation has given rise 
to many curious and remarkable forms resembling familiar objects, as 
urns, pillani, altars, &c., and uiauy of the Grizzly Buttes uear the Uin- 
tah Mouutiiins are capped by masses even more strikingly similar in 
outline to other less regular objects. In the volcanic rocks the chasms 
are lined with caverns, pillars, towers, and steeples, often hundreds of 
feet in height. In some cases narrow Assures have been produced by 
water-action through lavas and conglomerates thousands of feet in 
depth, so that, in numerous places, the whole formation now has an 
extremely rugged, turreted, and castellated appearance. It seems 
remarkable that many of these thin ehimney-colunins can remain in 
position. In the canon of North Fork of the Stinking Water, in one 
locality, there is a vertical block of volcanic material less than fifty feet 
in length, two feet in breadth, and five hundred feet in height, standing 
alone at a distance of three or four feet from the north wall of the 
oinon, and this is but one of many similar instances which might be 
Hundreds upon Imndit'ds of lotty pinnacles, deep-worn c. 
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Some of the most remarkable and interesting effects of water-erosion 
are to be seen in the Yellowstone Valley, where the gradual draining of 
the very large ancient lake has caused the formation of a river-channel 
of very great depth. The Great Falls, at a distance of fifteen miles 
below the lake, are a complete study of themselves. (See Fig. 16.) For a 
namber of miles above the rapids the river runs through a broad, level, 
grassy bottom, made up of sandy lake-deposits and of gravelly deposits 
of the stream before the period of its present level. Here it pursues a 
very tortuous course, but the current is visibly rapid, although the water 
is too deep for fording, except in a few places. Below the mouth of 
Sour Creek the sandstones and fine beach-conglomerates, largely com- 
posed of volcanic material, are cut through by the stream, which 
is thus narrowed at first, and then turned slightly eastward. It next 
strikes against ridges or masses of purplish trachyte-porphyry, contain- 
ing crystals of sanidine. This is made up of alternations of fairly 
compact and slaggy portions, the latter containing reddish-brown 
botryoidal geodes and spherulites. Much of the material is very 
nearly pearl-stone, between which and the trachyte-porphyry there is an 
almost insensible gradation. The resistance offered to the current by 
the hard face of the trachytic-porphyry creates a counter-current, which 
causes a bay-like expansion of the riverj in which the water appears 
almost stagnant. No notice is given of the coming turmoil save the 
muffled roar from the rapids below. But the rock also feels the shock and 
it 18 finally cut through, this action being facilitated by the jointage of the 
rock. The stream now pursues a general course along one of the lines of 
jointing, trending north 4^ west. It then meets the perlitic trachyte-por- 
phyry, which, being thinly bedded and more loosely arranged, yields 
more readily to the eroding forces, making swells at the sides and trans- 
verse troughs or gullies in the bed of the stream, the action upon the 
sides being increased by the formation of eddies produced by the strik- 
ing of the main current against another portion of the tougher or non- 
I)erlitic rocks. Here the rapids begin, but they are not yet very bois- 
terous. At each ridge of the more massive material more or less of an 
eddy is formed by the resistance of the rock, which causes currents to 
rush in from the sides to join the main current in the center, thus throw- 
ing the eroding force by degrees toward one point, concentrating it, and 
enabling the stream to force its way through the remainder of the sec- 
tion in a straight and narrow gorge. The rapids or cascades are largely 
due to the irregular erosion along the bottom, as will be seen by exam- 
ining its general outline represented in Figure 17. 

The terraces bordering the river at this point show the same features, 
but they are much more regular at a distance from the stream, as they 
have there been cut through the soft sandstones which overlie the por- 
phyry. Upon the right bank, at the gorge, there are low spots or basin- 
shaped holes which, before viewing the rapids, were almost inexplicable, 
but were made dear when considered as the positions of eddies in the 
former stream. A mass of the harder ro(!k also marks the place of a 
small islet in the stream at a higher level, which then stood in the midst 
of the rapids. 

Figure 18 gives the existing contour of the surface at this point. A 
similar sketch would, doubtless, properly represent the transverse out- 
line of the present bed of the stream at the lower rapids in the midst of 
which now stand the islets shown at II, Figure 16. 

Below the gorge the river widens, owing mainly to the absence of 
bard beds in one spot on the left bank, which may have once been at 
the mouth of a tributary stream. It continues its course, alternately 
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cutting into the right and left bank, according to the natore of the 
rock. The stream below the rapids, at the laat rock islet, is tfarowa 
mostly into a deep hole near the right bank; then meetiiig bard rock, it 
is thrown across to the left bank against hard rock, which forces it to 
pass through another gorge by the formation of a powerful eddy. 
Through tliis the ivater rushes with remarkable force in a short series 
ol' rapids or cascades, theu suddenly plunges by a sheer fall of 150 feet 
down into a targe amphitheater in which the water spreads out shal- 
lowly, Sowing over a comparatively smooth bottom with little current. 
The cauae of the fcills is the rather sudden change in the character of 
the rock to a fiue-jointed argillo-trachyte-porphyry, which gives way 
more readily Co the action of the water than the more massive rock 
above. 
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sistance, so that it is deflected very greatly from its coarse and narrowed 
at the same time. Just at the verge of the lower falls it is quite sud- 
denly coustrioted by the protrusion of a hard ledge from the left wall 
of the gorge, which causes it to leap with redoubled energy over the 
steep but irregular precipice, (nearly 330 feet) which was undoubtedly 
caused by the passage to the softer conglomerates whicL here underlie 
the porphyries. 

Numerous other intensely interesting studies of this character are 
available to the investigator in this wonderful region, but this one 
example must serve as the type of the class, and it will convey some idea 
of the enormous results of the long-continued action of running water, 
while it will also serve as another reminder of the great length of time 
which has elapsed since the geologically modern igneous products were 
deposited in this section. It must not be supposed that the transitions 
from one kind of rock-material to another are as abrupt in all cases as 
might, perhaps, be inferred from the foregoing description. On the 
contrary there are many varieties in the volcanic rocks alone. Between 
the rapids and a point in the Grand Gaiion a few rods below the foot of 
the lower falls, I collected not less than twenty forms, exclusive of the 
sandstones and conglomerates^ sufficiently distinct to merit special 
description. These include, besides those already mentioned, obsidian, 
obsidian-porphyry, various spring deposits, and other varieties which 
cannot be noticed here. These affect more or less the results of the 
erosion, but usually only in minor degree. 

PECULIAR EFFECTS OF AQUEOUS EROSION. 

From what has already been said of the present surface features of 
much of the country, it will not be matter of surprise to learn that there 
are many peculiarities in the manner of distribution of the atmospheric 
precipitation, and in other directions, which seem quite remarkable 
when portrayed upon any but the most minutely accurate maps con- 
structed upon a very large scale, and even then they can be only 
imperfectly understood without at least a general knowledge of the 
geological structure. An examination of Captain Jones's admirable 
map will show the force of these remarks. One of the most striking 
features in the topography of the district is the interlocking or overlap- 
ping of the headwaters of many of the rivers, particularly in the portion 
occupied by the volcanic rocks. The continental watershed (see Figure 19) 
is now very irregular in trend north of South Pass, there being several 
instances in which the Atlantic waters rise far to the westward of the 
geological divide, and the Pacific streams vice versa. This result may 
be traced to two main causes, each of which has taken effect since the 
upheaval of Cretaceous date, t. 6., erosion or denudation and dep- 
osition. In some cases one of these causes has apparently operated to 
a much greater extent than the other. In the neighborhood of South 
Pass, it would seem that the deposition of the Pliocene beds has influ- 
enced the course of the headwaters of the Sweetwater River more than 
the previous extensive erosion, but it is an open question how much of 
the transfer of the precipitation from the western to the eastern slope 
through these channels is due to the subsequent glacial erosion. It is 
quite certain, however, that the latter has exerted a powerful influence, 
^m the fact that the watershed at this place in most points is directly 
upon the Pliocene beds, which have been glaeially eroded between the 
water-divide and the geological divide, or axis of the range, forming a 
trough in which the Sweetwater now lies, in part at least. 
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In the ancient volcanic district it is bighly probable that deposition 
liiis had the greater share in the marking out of the present stream- 
oii.aiinels, though, as we have seen, these have been much enlarged and 
iithunvise modified bythe glacial action. The Yellowstone Lake Basin 
Ijiis undoubtedly been-partiy formed by erosion; but, as remarked by 
Doctor Uaydeu, the deposition of the igneouB rocks around it has had 
uiucb to do with ite formation." 




RECONNAISSANCE OF NOBTHWESTEBN WTOMINO. 



167 



O 



of this report. In nearly all snoh cases these effects may readily be 
traced to the deposition of nearly horizontal beds in such a manner as 
to cover preexisting ridges without materially affecting the general 
course of the drainage. This, at least, will explain the general results; 
but modi6cations of greater or less extent have arisen from shbseqnent 
erosion in special cases. 
Among the many interesting features of this region one or two other 

peculiarities of the aqueous erosion 
must suffice for the present. The 
courses of conjoining streams near 
their junction are not unfrequently 
gradually convergent, so that they 
unite acutely, although often widely 
divergent in their general courses. As 
a type may be taken the case of Ilell- 
Soaring River, entering the Yellow- 
stone six miles below the bridge. Fig- 
ure 20 represents this feature fairly. 
Slough Creek, the last tributary of the 
East Fork of the Yellowstone, is an- 
other good example, as are also some 
of the Stinking Water tributaries and 
other streams, found, as a rule, in the 
volcanic district, this result being 
doubtless due to the nature of the 
crok in a large measure. 

At A, Figure 20, there is a curious 
cutting, the place of a former channel 
of the Yellowstone, which is separated 
by a very thin ledge from the present 
canon. This ledge is so frail that it is 
difficult to understand how it could 
have remained, even had it been but 
an islet in the middle of the earlier 
stream. A section across both the 
Yellowstone and Hell-Roaring Rivers 
is shown in Figure 21, including this 
thin wall. 

VriND ACTION. 







Like the circulation of the water 
<2 B upon the land, the atmospheric move- 
J; I ments are also controlled by the topo- 
^.% graphy of the country to a very great 
2^ extent, and it will not be surprising 
^S to find that the results of such action, 
"^ in a district composed of compara- 
tively level plains, bounded by high walls upon one or more sides, have 
a certain uniformity about them which could not be expected in more 
open tracts. 

The Green River Basin is, practically, a plain, hemmed in upon all 
sides but the east by snow-clad mountain-ridges, while the open side 
communicates with a wide expanse of prairie-surface. During the sum- 
mer the heated air rises from the plains, causing a current which is kept 
up by the continued supply of colder air from the mountains. The 
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direction of the wind, or of tbe Burface-cnrrents, vill tbas depend partly 
upon the position of the ontlet, bat even more npon the location of tbe 
surrounding mo aatatn- walls. The prominent featores, as exhibited in 
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ing for miles to the eastward, said to be the abode of innamerable rattle- 
snakes, but it is entirely destitute of vegetation. When viewed in the 
reflected light from the sun it closely resembles an immense tract of 
drifted snow; and if a strong wind be blowing at the same time, as is 
almost always the case, one could readily mistake the clouds of sand 
for a driving snow-storm. 
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FtG. 23.— Showing oanse and effect of wind action in a portion of the Wind River 
Plateau. 

In the Wind River Valley, in the region indicated by the lettering in 
Figure 23, similar formations exist; but one or two special features de- 
serve notice here. DuneSj or sand-hillocks, of considerable size may be 
seen in places, usually in hollows or along the edges of low cliffs which 
serve to break the force of the wind and cause the sand to be there 
deposited. Figure 24 represents the structure of the sand-drifts when 
only herbaceous vegetation is present. Here the prevailing winds are 
from the west, or nearly so, and the slope of the hillocks is much less 
upon that side. As a rule they are less regular than here represented, 
owing to the growth of clumps of grass upon many of the summits, 
which finally changes the hillocks into tufty hummocks. 

Some peculiar forms of sofb sandstone, already referred to as results 
of aqueous erosion, have no doubt received their -finishing touches by 
the direct influence of the wind or by the abrading action of wind-blown 
sand. Many of the pinnacles and other irregular masses of rock which 
c^p the conical and pyramidal buttes of the Bridger group in the Green 
Biver Basin, as well as the grotesque forms found elsewhere, were prob- 
ably shaped in part by this force. 

lastly, the action of the winds in the felling of timber in large quan- 
tities has produced results the importance of which can scarcely be 
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estimated. To say nothing of the nltimate effects which may be snp- 

jioswl tu follow tniiii the deciij' of tlie veyotiible tissue aud the 

^ )>ossible or probable acuiimulatiou of peat, coal, or other mate- 

n»l, there caD be no qnestioii that the preseut features of a 

vast expanse of conntry in the West are dne, in a uieaaare, to 

the influence of these wind-falls upon the circulation of the 

^ water in the streams. The snow which becomes lodged in the 

^ tntricHte masses of logs resists the thawing power of the sun's 

g rays for a longer time, aud it is also often prevented IVom slid- 

o ing down declivities with force. Streams are not seldom 

o dammed or otherwise obstructed, retardiug their progress for 

2 a time, only to renew their courses with increased power when 

o the resulting lake overflows the barrier. Swamps are formed in 

^ other places, allowiug of the growth of denser aud more luxori- 

£ autvegetation, and the consequent increase of humns by decay. 

^ In these and in numerous other ways these all but impene- 

j. trable stretches of fallen timber are playing their part in the 

> dynamics of the country, but chiefly by retardiug the passage 

^ of theatmospheric precipitation from the mountainous districts, 

s aud providing for its more equable distribution throughout the 

^ year. 
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I._CONSEETATIVE ACTION. 

In cases in which two or more forces are siiuultaneoasly at work in 
nature, it is often not easy to determine accurately the results which 
should properly be accredited to each, and even when certain of these 
agencies are antagonistic, the difflculty is not always decreased. Thus, 
the sand-hills southeast of South Pass, men- 
tioned in the preceding chapter, (see Figure 
22,) were there formed because of the absence 
of vegetation from that tract, but the lack of 
vegetation is, doubtless, caused by the power 
of the wind which han drifted the sand. The 
protective or conservative effects of plant- 
life, in the shape of the hardy " sage," and 
§ ^ "grease-wood," are well shown in thekiltocky 
'= region to the westward. So, also, iu the aand- 
- drift region of the Wind River Valley, before 
: mentioned, (Chap. VII, Figures 23 and 24,} 
' the growth of grasses npon some of the small 
a- hillockshasproducedsimilarbutlessregular 
"J features upon a reduced scale. Figure 25 
j3-q represents a section across the old emigrant- 
Q S road and overland stage-route, at a point 
Irs where its course lies in the direction of the 
|0' prevailing winds. It will be seen that the 
° I sandhasbeenblownoutof the track, (which 
L* has been mnch worn by ase,) to a depth of 
t -f several feet, while the plants have protected 
; 2 the greater portion of the district, partly by 
I r ?. theirrootsandpartlybytheresistanceottered 
i : - by their trunks to the wind. 
j ? ; The influence of turf iu preserving the 
I - '- surface of the land is well sbown iu por- 
I i*^ tiyus of the Yellowstone Easiu. A small 
I -. ~ stream which flows into Pelican Greek a mile 
i - . and a half above the crossing of our trail 
'% illustrates this in a peculiar and remarkable 
33 manner, Tbe amount of water which passes 
% through the channel is not very small, bat 
^ the matted turf layer of considerable thick- 
"' ness has held the stream within narrow 
'\ i bounds, thus preventing great lateral spread 
^ at the surface. "W^ere the supply of water 
^^ uniform at all times the undermining of the 
^ % hanks which i» continually taking pince 
o might prove more destructive, but tUe difler- 
euce in the amounts furnished dnring the 
spring and the summer is so great that the channel is overflowed in the 
flood-seasons, resulting iu the production of shallow ponds. Occasionally 
masses of the overhanging turf (see Figure 26) fall down, damming the 
stream, and thus In a measure retarding the eroding action behind. In 
the npper portion the valley is very boggy, and here again the growth 
of the grasses prevents the soil from being removed, though a treacher- 
ous quagmire is the result. 

The growth of noderwood in numerous places has served to retard 
the transportation of mat«rial to the great advantage of many parts of 
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the country. Accamalatioo of leaves, detritas, and other loose deposits 
lire swept down in times of freshets in large qaanttties and retained, 
than gradually iucreasiug the depth of the river-chaauels by thickeoiDg 
the deposits apon the banks. The dense growth of gooseberry-bashes 




FlO. 36. — kvttago mction acrooa Fool Creek, YollowatoDe Basin. 

upon the banks, and almost in the bed of the stream of Qooseben-y 
Creek, (tributary of Big Horn Eiver south of Gray Bull River,) as well 
as the large patches of tall grass, resembling graiu-fields, in the same 
.xectiou, are of the greatest value in this way, as is evinced by the leas 
eifective action of the stream in wearing away its banks, and by the more 
extensive accnmalation of alluvium in these localities than at other 
points along the same stream. Ihese and other plants of like nature 
nre frequently met in similar situations, but they are es]>ecially charac- 
teristic of the volcanic district and of the region about the eastern base 
of the Sierra Shoshone. The excessive erosion of the Tertiary plains is 
attributable in a large degree to the general absence of protective veg- 
etation, particularly to itK absence ^m the vicinity of the streams. 
Numerous examples are in mind, which could be given, of the existence 
of deep gullies, small " earth-pillars" and other results of water-erosion 
which would have been almost wholly prevented had there been bat a 
mere covering of turf or other matted vegetation. 

(Jotton-wood and other forms of Poputus serve in the same manner aa 
the willow, the gooseberry, &c., to bind the soil by their roots and pre- 
'cnt rapid waste of the land by running water. Fair-sized trees of this 
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yet they have often beea remarkably well preserved, owing mainly to 
the protective aetiou of plant-life and its results. 

Lastl^^ may be mentioned the protection afforded the less hardy plants 
by belts or patches of timber lying upon the side from which come the 
prevailing winds. It is always difficult to estimate the true value of 
this element in special cases without more extended observation than it 
is possible to obtain in a single season spent on the march, but some 
slight idea of the real importance of this influence may be gained from 
a single well-marked example. In the valley of Yellowstone River, just 
southeast of Sour Greek, there is a sand-flat of several acres so exposed as 
to be frequently acted upon by local wind-currents, while the adjacent 
timber is well arranged for the protection of much of the contiguous 
un wooded area from the same currents. The sand-flat is more or less 
covered with drifts and shifting dunes, but the protected portions are 
clothed with excellent grass. Similar features are noticeable, with 
variations according to circumstances, above the forks of Warm Spring 
Creek and in one or two other sections. 

n.— FORMATIVE ACTION. 

Allusion has already been made to certain accumulations of vegetable 
mold or humus, resulting from the decay of leaves and the trunks of 
fallen trees. There is nothing very peculiar in these formations, except 
that they are often rather remarkable for their extent and protective 
power. The thick layer of this material which now covers deeply the 
ancient hot-spring deposits of Gardiner's Kiver is particularly noticeable 
on this account. This and other extensive accumulations in the present 
thickly -wooded districts bear abundant evidence of the coniferous nature 
of the vegetation, which, as now, has occupied these regions almost ex- 
clusively for centuries past. The dry pine "needles" falling upon the 
ground not only directly tend to increase the deposits, but they also 
largely prevent water-erosion of their own accumulations by the forma- 
tion of a kind of thatch which protects the surface and serves to bind 
the decayed material more firmly together. These facts will probably 
explain the more abundant humic deposits in pine-clad countries, a 
feature not confined to the Eocky Mountain region. 

Upon the treeless plains, when clothed with turf, the amount of the 
vegetable mold varies greatly, in some places being but two or three 
inches in thickness, while in others^ more accessible to moisture and less 
exposed to the winds, accumulations of as many feet in depth have been 
formed. On the arid Tertiary areas remote from the mountains and away 
from the streams, especially in districts open to high prevalent winds, 
there is, practically, no formation of humus, although the soil is usually 
verj' fertile. 

Many interesting observations concerning other deposits of this char- 
acter are necessarily omitted here, though often extensive and of great 
importance. Alluvial deposits in portions of the district have been 
caused by the damming up of the streams by fallen timber or by drift- 
wood, but much more frequently by the retaining action of growing 
vegetation in the flood seasons. These latter accumulations are most 
abundant, perhaps, in the valley of the Upper Yellowstone River, 
though they are represented in parts of the Wind Eiver Valley, and, 
markedly, on the tributaries of the Big Horn Kiver north of the Owl 
Creek range, as well as in the valley of Burns' Fork, (Uintah Mount- 
ains.) and more especially on some of its affiuents. Small lakes and 
ponds abound in many sections, and it would, require a lengthy chapter 
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for tlitt description of the characteristic deposits of each, to say nothing 
of otiier strikiog peculiarities. To allnde to some of these in a very 
^eiii^ral manner, it trill answer the present purpose to divide these minor 
iHxIies of water into three not well-defined classes. In the first division 
may be included those lakes and ponds, with oatlets, which are constant 
or perpetual, i. e., those which retain water throughont the year, how- 
ever they may fluctuate in level at different seasons. Sach basins rarely 
receive important deposits of purely vegetable matter, except as drift- 
wood, which occasionally accumulates to a certain extent upon the 
shores. Leaves and herbaceous stems will, however, become mixed with 
Ilie alluvium, and thus aid in some slight degree in the formative process, 
though the comparative absence of deciduous trees from this region pre- 
vents such efiects to any considerable extent. Another class of lakes, 
those, with or without outlets, which become dry during a part of the 
year by drainage or evaporation, may be the cause of not unimportant 
vegetable-depo8it«. A single case in point must suffice for illustration, 
although many might be given from notes taken in the field. About 
four miles sontb of Gamp Brown, upon our outward march, on the first 
day of July, we encountered, directly iu the road, a still pond of shallow 
water less than half an acre iu extent. Around it, upon all sides, the 
land surface was exposed to the wind, and consequently mostly barren. 
Upon our return, in the middle of ^ptember, we rode throngb a slight 
hollow where the pond had been, now completely dry and clothed with 
the choicest grass, which was t>eing made into excellent bay for use at 
the post. The soil in which it grew was quite rich iu humus, the result 
of the decay of many previous crops not rea|>ed by the band of man. 
Tiie third division embraces the stagnant pools aud ponds of various 
sizes which are so very abundant in the Yellowstone Basin, though by 
no means strictly confined to that region. These are usually productive 
of important cumulative results on accountof the continual progress of 
decomposition, which furnishes abundant food for the growth of many 
plants. Accordingly we find these places crowded with aquatic tbrms 
of \'egetatioD, which by subsequent decay gives rise to noticeable deposits 
of humus. 
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deposit has been prodaced will receive attention in a succeeding chap- 
ter, to which the reader is referred for further information upon this 
subject. To avoid repetition one or two other formations of minor im- 
portance, resulting more or less directly from the growth and decay of 
plants, but also dependent upon the action of geysers or hot^ springs, 
will be left for discussion beyond. 

ni.— DESTRUCTIVE ACTION. 

So far as Western Wyoming is concerned it does not appear that the 
destructive eft'ects of plant-life have been at all commensurate with the 
protective ayd reproductive influence of vegetation. Landslides in the 
mountainous districts are very rare, if we may judge from the absence 
of frequent proof of such occurrences. There are many places along 
the walls of the caiion of North Fork of Stinkingwater River, where 
the loose earth and gravel is almost constantly falling down the steeper 
slopes, but this bears no resemblance in extent or eSect to a real land- 
slide. Even upon the nearly vertical walls of the Grand Caiiou of the 
Yellowstone, where pines often grow, there is no evidence of frequent 
or extensive changes of this nature. There is, on the contrary, conclu- 
sive proof that the roots of the trees often prevent land-slides by bind- 
ing the soil and the rocks more firmly together. 

The destructive element in connection with vegetation is, therefore, 
reduced to a small amount. The extensive growth of lichens upon the 
rocks, giving them at a little distance an unnatural color, shows that 
the disintegration due to their presence is notable, at least, although it 
would be difficult to determine the extent of their influence. Large trees, 
undermined by the wear of the water upon the banks of streams, cause 
considerable destruction when they fall by tearing up the soil about 
their root«, and the effect is produced more generally by the prostration 
of timber by the wind. 

EFFECTS OF ANLMAL LIFE. 

The geological or dynamical action resulting from the life and death 
of animals will be treated under three heads, similar in scope to the pre- 
ceding, viz: 1. Protective effects; 2. Cumulative effects ; 3. Destructive 
effects. 

I. — PROTECTIVE EFFECTS. 

Animals exert but little conservative influence in any way, and that 
indirectly, but it is, nevertheless, true that some slight preservation of 
the surface can be traced to them in this region. To say nothing of the 
hard-beaten paths or trails made by the domesticated animals of the 
white man and the Indians, game-trails almost without number are to 
be seen all over the district wherever the country is not so open as to 
allow of the scattering of the animals to feed, and one soon learns to 
detect the character of the animals which have made them, from certain 
X)eculiarities in each case. The bison prefers the plains, and the great 
weight of his body and its clumsiness compels him to climb the heights 
and knolls by a gradual or zigzag course. The elk often passes high up 
in the mountains, and the trails made by droves of this animal are quite 
direct, but never as steep as the courses often taken by the big-horn, or 
mountain-sheep. At first the passage of large droves of animals over 
the same course wears the surface, loosening it and causing the dust to 
be swept out of the trail by the wind, but the final result is to leave the 
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soil SO compact that vegetation will not grow npoa the path for maoy 
years afterward. This protects the sarl^ioe somewhat, especially if the 
trails have been made along the edge of a hlntf, oae above auother, as 
is so commoDly the case with the bisoa paths. But this couservatiou is 
slight compared with the effects produced hy another habit of this ani- 
mal. All over the wide tract which has been traversed by the btsoa 
within the past fifty years there may be seen circular patches of grass 
iu greater or less number, often now raised slightly above the surround- 
ing surface in windy sections. Catlin, in his valuable work entitled 
"North American Indians," refers to these patches in the lower valley 
of the Missouri, and his explanation of theu- origin is no doubt correct. 
Without entering upon a lengthy discussion, it may be remarked that 
the bisou is fond of wallowing in the mud, and no one can travel far in 
the West without meeting with what are there called " buffalo -wallows." 
These are shallow depressions, bearing some resemblance to the familiar 
"hog- wallow" by the roadside in the rural districts, though more nearly 
circular or semi-oval in outline. On account of the erratic habits of the 
Hiitnial large numbers of these depressions will be left, wherever the 
herds have rested in a suitable spot, to be BUed with water by the rains, 
which, by evaporation, allows of the growth of grass to &s the soil by 
its roots, while the surrounding surface, if parched, as is often the case, 
m>iy be degraded by the winds, leaviug the grass-plats at a higher level. 

n,— CDMULATrVB EFFECTS. 

There are very few recent animal formations of much geological im- 
]iortatice to be presented under this head, but there are several interest- 
ing and somewhat peculiar deposits of limited extent which deserve a 
sliare of our attention in this place. Xext to the barren aspect of the 
great plains produced by the aridity ol the climate, there is nothing 
which has so much to do with their appearance of utter desolation as 
tJic widespread accumulations of the bones of the bison and other ani- 
niiils which have been so recklessly slaughtered for the sake of the sport 
III' himtiug(^) thfin, or, at best, fur the mere value of thiur hides. Mil- 
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offensive to nose or eye of one who does not know its real character. 
In fact, one of the party expressed a desire to taste a portion of it until 
informed of its true nature. This very strong resinous odor and quali- 
ty is rather difficult to explain, except upon the supposition that the 
crevices are commonly shared by the owls with other birds which feed 
upon the seeds of the pines, though it is just possible that it is the re- 
sult of secondary action, caused by the decomposition of the pine 
" needles" which fall into the crevices and become mixed with the guano. 
The beaver may, perhaps, be properly credited with the indirect and 
unintentional formation of local deposits of alluvium by the damming 
ot streams, but this effect is more than counterbalanced by its destruc- 
tive tendencies. A few rather important but not extensive cases of fos- 
silization by immersion in the basins of hot springs were noticed, but 
they do not require fuller notice in the present chapter, as further men- 
tion will be made of them in the section devoted to the geysers and hot 
springs. 

III. — destructiat: effects. 

The beaver is probably entitled to take the lead in the work of de- 
struction. These animals are still common in portions of the Yellow- 
stone Park, and elsewhere, but the hand of man is already turned against 
them, and their works are, in most places, more numerous than them- 
selves. It is unnecessary to describe these structures or their effects, 
for they are already widely known. Prairie-dogs and other burrowing 
animals are very commonly distributed throughout the region, and their 
actions have resulted in more or less destruction to the soil by bringing 
to the surface deposits of sand, which is scattered by the winds, and by 
iojaring the solidity of the ground above their burrows. The destruc- 
tion of vegetation by beavers occasionally has been quite general over 
small areas, but usually it has only accomplished a more or less beneficial 
thinning out of superfluous growth. Grasshoppers, in some sections, 
particularly on the Shoshone Plateau, have been instrumental in the 
destruction of vegetation to a remarkable degree, at seasons of the year 
when such devastation is often detrimental to the life of the plants, 

CHEMICAL GEOLOGY. 

A large number of interesting details remain to be considered, con- 
cerning which a quantity of illustrative material has been gathered, but 
which must be very generally treated within the prescribed limits of the 
present chapter. Much of this material requires careful chemical anal- 
ysis for its complete elucidation, and this it has been impossible to pro- 
cure, though the author indulges the hope that opportunity for its elab- 
oration at some time in the future may yield valuable results in a depart- 
ment of geological science which assuredly deserves thoughtful consid- 
eration on the part of investigators. In the foregoing pages of the sec- 
tion relating to dynamical geology, very little has been said of the 
chemical changes which have taken place in the rocks since their depo- 
sition or of the important products which have resulted from chemical 
action. 

The remainder of this chapter is, therefore, allotted to these subjects, 
including also some of the more important effects produced by the action 
of the atmosphere. No classification can well be adopted, and the 
varipus effects will be taken up in convenient order without regard to 
perfect system. In order to partially supply this lack, minor headings, 
in italics, are introduced for greater convenience of reference. 

H. Ex. 285 12 
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^VEATHEEI^'G OF EOCKS, 

Jt H-ill not be necessary to speak iu a detailed maDner of tbe cbarac- 
teristic modes of weathering of tbe rocks of tbe varioas formations, but 
there are certain peculiarities in the eEfe&ts of climatic and other influ- 
ences upon special layers in some sections, which are of snfBcieut impor- 
tance to merit attention. 

Ozone in the atmosphere. — Slany of the sandstones of the Green River 
group of Eocene beds, though ^hite inside, weather reddish upon the 
exposed surface. The mere presence of iron in this rock seemed insuf- 
ficient to account for the very marked change in color, but for several 
days no cine was obtained toward any more satisfactory solatibn. While 
engaged with Dr. Heizman iu some preliminary analyses at our camp 
on Little Sandy River, I noticed that blue litmns-paper rapidly reddened 
iipou exposure to the air, even when moistenol with ammonia. Dr. 
Heizman, then and subsequently, kindly made several test^ for ozone 
with iodized starch-paper, and found it abundant. This, then, may 
account for the excessive oxidation of many of the rocks of the Green 
River basin. This action is also noticeable in other sections where sim- 
ilar beds are exposed, bnt it seems to be maiuly confined to the more 
compact beds, which, is, perhaps, owing to the fact that the more friable 
beds become more rapidly disintegrated and crumble before they can 
become colored. This will also explain the otherwise remarkable fact 
that the reddening effect is seen only upon those rocks not very highly 
ferruginous, though oxidation has taken place much more extensively iu 
rocks highly charged with iron. If we seek to account for the presence 
of so great an amount of ozone iu the atmosphere, it seems probable 
that it is due to the strong wind-currents or to some pecnliar electrical 
condition of the atmosphere not accompanied by sufhcieut lieat to pre- 
vent its accumulation. 
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The volcanic rocks are very well supplied with these secondary foim- 
ations, as instance the botryoidal geodes of the Yellowstone Eiver, men- 
tioned in the last chapter, and the great variety of interesting forms 
associated with the masses of silicified wood at Amethyst Mountain, on 
the south of the East Fork of the Yellowstone. / Even the geyser 
deposits sometimes take on the concretionary, or, more properly, the 
concentric structure. 

The principal forms of concretions will be found more fully described 
in the chapters relating to stratigraphy, under the heads of the different 
formations. 

Influence of climatic conditions, — In winter the temperature of this 
region is severe but steady, and the surface is mostly covered with 
snow, which protects it to some extent from the eflfects of the various 
weathering influences. In the early spring and late fall the action of 
frost, in rending apart the rocks and enlarging the fissures, becomes an 
important element among the numerous dynamical agents, and it is 
probable that the alternate freezing and thawing which takes place at 
these seasons is productive of a large part of the weathering effects 
which are exhibited upon a scale of great magnitude in many parts of 
the district. Positive proof of the workings of this force from actual 
o6«erratiow8 are wanting, but no one at all familiar with the ordinary 
results of such action will be disposed to doubt the propriety of the 
above statement when told that the necessary conditions of thawing 
and freezing are present during a large portion of the year in a high 
degree of intensity. Evidences of the slight movement of large masses 
of rock from the original positions by some force of this nature are very 
common. Some excellent examples of this action may be seen in the 
Wind River Mountains, particularly in the neighborhood of the nucleus, 
though it would be difficult to name a single rock-exposure in the whole 
district where such effects are not visible. Any person at all familiar 
with this process and its results in places in which freezing can take 
place only during a small portion of the year, will be prepared to recog- 
nize the dynamical importance of this agent in a country where there 
are but few nights, even in summer, during which the temperature does 
not fall below 32^ Fahrenheit. In the central portion of the Wind River 
range the profound chasms have often been choked with immense accu- 
mulations of angular granitic bowlders which could never have been 
thrown down from positions in the cliffs without the intervention of the 
force produced by the expansion of water in assuming the solid condi- 
tion. Steep cliffs of the Quebec group and the Niagara dolomite are 
almost invariably accompanied by large blocks at their base, which 
have thus been forced from their original places. The same features 
are observable in jointed exposures of the rocks of all the formations, 
but not always to the same extent. In many of the Tertiary rocks, as 
well as with some of the members of the metamorphic series and in cer- 
tain argillaceous beds of the intervening formations, the strata are tra- 
versed by very numerous joints, which in a measure prevents the accu- 
mulation of water in the crevices for the formation of ice, and also leaves 
in the talus much less convincing proof of its mode of origin. 

In the volcanic conglomerate in a large number of places there are 
good-sized cavernous holes, sometimes high above the ground. It is pos- 
sible that some of these at the bases of cliffs may have been formed by 
wave action upon the shores of Miocene lakes ; but many, and by far 
the greater number, have, undoubtedly, been caused by other agencies. 
Not a few show pretty clearly that they are the result of the action of 
freezing water in fissures, which has caused large masses to be dis- 
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loil^iecl at the weaker poiuts from time to time irithout afifvctiDg tbe bulk 
of the rock adJolDiDg tbe crevices. The alternate expaDsioD and cm- 
traction of tbe rocks by diS'ereDCes of temperature iu tbe days and tbe 
iiigbts is, doubtless, of great cousequeDce as a dynamical agent, altbough 
tbe actual effects produced are nsualiy very difficult to ascertain. No 
special facts bave been collected wbicb can be offered witb entire con- 
tidence, but tbe following remarks will enable tbo reader to form some 
general idea of tbe indnenco wbicb tbese tbermiQ cbangos must exert 
upon tbe rocks of tbis scciioii : Tbe diffeieuce between tbe dny and 
nigbt temperature (i. e., tiinxiitnuu for day, minimum for nigbt] njioo tbe 
]i1atns dnriug tbe summer montbs is frequently as mucli as S0° or 40^, 
iiiul it often becomes as great as 50° during tbe moutb of August. Dr. 
Livingstone" reports tbat the rapid contraction by cooling of rocks in 
Africa bented to a temperature of 137° Fahrenheit during the day, was 
sufficient to cause tbe breaking off of ma.sses weighing even two hun- 
dred pounds in some instances. It may at least bo suggested that this 
cause has been iEistrumental in the weathering of tbe rocks iu the Rocky 
^fountain region to a greater degree than has generally been supposed. 
Summarif. — In general, it may be remarked tbat tbe Tertiary rocks 
show tbe effects of erosion and wentberiug much more clearly and ex- 
tensively than the earlier rocks. This is due to two things : tbe greater 
aistivity of the eroding agencies, and ttie more fragile and soluble nature 
of tbe Inter burizontid strata. Another prominent cause is tbe rather 
abundant presence of formative and protective agencies in tbe moister 
mountiunous districts, wbicb are .ilmost entirely absent upon the plains. 
Again, in tbe mountains there is greater resistance to tbe exercise of 
mechanical force, while below the chemical action is also increased, so 
tbat, upon the whole, the later series is exposed to far greater destmc- 
tivo influence, at the same time tbat its powerof resistance is very small 
it) proportion to that of tbe more ancient deposits. 

CHEMICAL CHANGES AND PllODUCTS. 

As before stated, a clear and comprehensive elucidation of the impor- 
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the rocks. To the first group belong those which are the direct prod- 
ucts of the melting snows, and which pass off quickly to the plains over 
the surface of the ground. The second division comprises those which 
proceed from springs, in which the water ha« percolated through the 
soil, and has become partially saturated with the more soluble sub- 
stances. In the region of the Eocky Mountains, where snow lies in the 
higher ridges almost perpetually, it is seldom possible to separate these 
two classes of streams, for very soon they will be found united in the 
same channels. There are, it is true, in the Yellowstone Basin, some 
important streams which proceed from springs alone ; but in nearly 
every instance of this kind, the water passes for many miles over rock 
which is practically identical, raineralogically, with the formation in 
which the springs occur, so that the observed effects are much the same 
as in the snow-fed streams, which traverse the same district. A nota- 
ble and not unimportant exception must be made in the ca.se of the 
prominent aqueous products of the geysers and hot springs, which will 
receive special attention. 

The extensive accumulations of decomposing >egetable matter in 
most of the mountainous districts furnish favorable conditions for the 
absorption of carbonic acid by the water, and this has no doubt had 
much to do with the excessive erosion which has taken place in the 
limestone exposures, and it may partly account for the general emerg- 
ence of the streams from the mountains through canons cut in the 
limestone. The absence of thick accumulations of soil is a very notice- 
able feature of a large part of the country, and this is due to the solu- 
tion of the limestone, which is then carried off by the streams. Upon 
reaching the plains the waters become saturated with the mora soluble 
mineral ingredients, though in seasons of freshets this luay not take 
place until the stream has traversed the open country for a long dis- 
tance. The water at this stage will contain alkaline carbonates which 
will have increased its solvent power, and even silica will be attacked 
and dissolved. In the Tertiary rocks there are many cherty beds and 
layers of the more soluble forms of silica which thus add thiic quota 
to the amount. In flood-seasons the banks of the streams are over- 
flowed, and pools and small ponds are left in low spots when the cur- 
rent subsides. Kains and melted snow-water pass down through the 
crevices of the rocks, and the same ingredients are extracted, but with 
less of variety in each cise than will be found in running water which 
has passed over many different rocks containing a great assortment of 
minerals. 

Suhterranean waUra, — The presence of limestone-beds in such great 
quantity as to form the bulk of the Paleozoic and Mesozoic rocks as 
well as the regular but extended tilting of the strata, has produced 
fissures and underground passages, since enlarged by the w^aters, through 
^hich the drainage of the country is now partly effected. When the 
streams from these subterranean channels reach the surface in limestone 
districts, or in places where carbonic acid is forming from the decomposi- 
tion of carbonates or of organic matter, bubbles of this gas (C O2) are sent 
off in quantity. Springs of this kind exist in many parts of the Yel- 
lowstone Basin and in other portions of the volcanic district. Yellow 
Water Creek, a southern tributary of Gray Bull River, originates in a 
chalybeate spring which is very highh' charged with carbonic acid. The 
hot springs below Gamp Brown also "evolve considerable quantities of 
this gas. Several cold sulphur-springs issue from theTriassic and other 
rocks containing gypsum as a deposit or in process of formation by the 
decomposition of pyrites. Near the left bank of the Little Popoagie, 
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na*\ also at Camp Brown, thick oil issues from the earth, probably con- 
uected io some way with the Cretaceous coal or li^ite beds Dot fat dis- 
tant in either case. Both of these spiings are located within or near 
a pi-omiucDt fold involving the Snbtertiary strata. At oor camp on 
Sjiring Crefk, at the sonthern base of the Owl Creek range, several 
springs of bitter "alkali" water afforded the only means of qnenching 
thirst. Sour Creek entertog the Yellowstone above the falls, from 
the right bank, Warm Spring Creek, nearly opposite, and all the promi- 
nent streams of the geyser basins, are highly charged with mineral 
ingredients held in solntion, largely the result of the action of subterra- 
nean ffatCTS. 

As might bf inferred from the horizontal disposition of the Tertiary 
strata, and from their extensive erosion into buttes and benches, sprinys 
are seldom or never present over the area occupied by them, except in 
cases in which they may originate in other formations and reach the 
surface through the Tertiary beds. 

The most important and extended results of the action of underground 
water are exhibited in those sections where beat has accompanied its 
movements, as in the geysers and hot springs of the iXational Park 
which fall to be described in a subsequent portion of this work. 

JientiJts of conttcmatiOH and evaporation. — In the Tertiary districts the 
surcharged strennis, and particularly the stagnant pools produced by 
the overflow, soon become condensed by the heat of the sun and the 
diyiug action of the wiud. In soils which are not argillaceous, or in 
those which are covered with turf, this results in the production of a 
.sirupy saline liquid, and finally, if the evaporation be snfheiently ex- 
tended, the so-called "alkali" deposit is formed. In clays the evapo- 
ration is retarded and chemical changes doubtless take place contin- 
ually. If the saline accumulation be excessive, or if the evaporation, be 
insufficient to dry the clay, a bog or slongh is the result, and these are 
commonly known as " alkali bogs " and " alkali holes." Along the 
edges of the streams and upon the overfloived grass after the receding 
of the waters, a deposit is formed which is usually reddish or brown at 
lirst, from the presence of iron, becoming white or grayish upon expo 
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The very large quaDtities of " alkali'^ which exist so widely over the 
plains as an efflorescent deposit have probably been formed by the 
evaporation of former extensive lakes and ponds left over the Tertiary 
basins b^* the draining of the ancient lakes which once covered the 
whole area. Some of these deposits are of great thickness, but none 
worthy of more special notice were met upon our line of march. The 
same process is in operation at present, as described above, but the re- 
sults are small when compared with what was accomplished in ancient 
times, because the streams now carry oft* the greater portion of the sol- 
uble material. In these old ponds also are found the readily soluble in- 
gredients as well as those which are sparingly soluble, while the streams 
leave behind only the substances which arc not so easily held in solu- 
tion. 

The various deposits of the hot springs and geysers to be hereinafter 
described might properly be discussed under this head were it not more 
convenient to consider them in a chapter by themselves. 

Precipitation, — The only prominent example of undoubted precipita- 
tion occurring in a natural aqueous solution along our line of march 
was noticed in a portion of Yellow Water Creek.* The water is slightly 
alkaline, and contains or receives a large amount of iron from an ore- 
bed near its source. Much of the iron is precipitated as ferric hydrate, 
(Fe2 Oi, U* O.) This settles to the bottom, but it entangles carbonic 
acid which struggles, as it were, to free itself, thus lifting the precipi- 
tated mass toward the surface a little way. A few rods below, the water 
becomes clear and more palatable, from which it would seem that the 
iron had by this ti-me exhausted the alkaline principle so that the pre- 
cipitation can no longer take place. This phenomenon is very interest- 
ing and quite remarkable. ' 

Nothing but the absolute necessity of completing this report within 
the allotted time has compelled the omission of not a little in the way 
of facts bearing upon the important subjects of this chapter. An en- 
deavor has been made, however, to introduce those facts and observa- 
tions of the writer which are of the greatest interest, and such as will 
most aid in connecting together the several parts of the report in a har- 
monious whole. 



CHAPTER IX. 

THERMODYNAMICS— IGNEOUS ROCKS AND HOT SPRINGS. 

Volcanic action — Fissare and crater eruptions — Thermal sprincs: I. Turbid Lake 
^roup ; II. Steamboat fi^roup ; III. Green Spring, Sulphur (!) HiHs, 6lc. ; IV. Mud- 
volcanoes and Crater-Hills ; V. Forest group ; VI. W ayside group, &c. ; VII. Bath 
Spring, near Camp Brown. 

In this and the three succeeding chapters, we shall have to deal with 
subjects which might appropriately have been discussed in part in each of 
the four or five preceding chapters, but which, from a certain special 
interest that attaches to them and for other obvious reasons, may be 
more satisfactorily considered separately. It is fitting that this review 
should occupy the position here given it ou account of its historical and 
dynamical relations, both of which have been of the greatest moment iu 

* Precipitation occurs commonly in regions of hot springs and geysers also, but thi 8 
subject will receive more attention beyond. 
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i-liaiiirig the physical features of a viwt expanse of western tcrritorj-, 
;iii(l often in tbe production of deposits of economic value. 

Ill sereral places \u the course of tbe discussion of subjects connected 
witL stratigraphy and dynamical geology, in tbe previons pages of this 
report, it has been necessary to refer to topics which are now to be con- 
sidered; but in no ease has any subject of this nature been treated with 
any degree of completeness. It is hoped that the material presented in 
tbese two chapters will prove at least as interesting and valuable as 
tbatofauychapterwhich has preceded them, although evidences of haste 
in their preparation cannot be avoided. 

Tbe subject of thermodynamics, or tbe final effects and the passing 
pbcuomena of heat-action, naturally divides itself iuto four heads iu 
tbe region embraced by our reconnaissance. These are: 1. Fissure- 
eruption; 2, Crater-eruption ; 3. Geyser action ; 4. Hot-spring action, 
iuclmling also aol/ataras and fumeroles. Tbis arrangement is based 
upon the general chronological sequence of the phenomena, and it will 
be seen to represent successive stages in the diminution of thermal iuten- 
sity. For reasons that may be apparent to those who have followed 
tlie author through the preceding pages of this rei>ort, the above order 
will not be strictly observe<l in speaking upon these topics, but au effort 
will be made to treat the subject in such a manner as to accomplish the 
best rcsnlts possible in a limited space. 

VOLCANIC ACTION. 

Tlic i>roper treatment of the highly interestiug subject of the history 
and dyuitmical effects of the ancient volcanic action would require more 
time and space than can be devoted to its discussion in these pages. 
A review of the history will bo found iu portions of chapters IV, V, and 
VII, reference to which may be made with little difficulty, and it will, 
tbfii'fore, be unnecessary to repeat it here, though some additional de- 
tails may be given for the sake of clearness. 
I'rof. Joseph Le Coute, of the University of California, sjient a por- 
ti of the summer of 1873 in the fleld-study of the volcanic rocks west 







RECOXXAISSANCE OF NORTHWESTERN WYOMING. 185 

eral pi ominent objections to this belief; but first, it will be well to explaiu, 
more fully than bas yet been clone in these pages, some of the leading 
characteristics of the conglomerates in which the immense deposits of 
silicified wood are contained. In some respects the lower deposits of con- 
glomerate differ from those of later origin ; but the dissimilarities are not 
of snfificient importance to justify the belief that they have been formed 
under very different circumstances, except, perhaps, in the case of the 
earliest beds, which often contain many more fragments of the meta- 
morphic and sedimentary rocks than are usually found in the higher 
beds. 

The later conglomerates also lie, for the most part, in a nearly horizon- 
tal position, while the lower beds follow quite closely the irregular con- 
tour of the surface at the time of their deposition. It is very difficult 
to conceive of the condition of the surface at the period of the later out- 
flows ; nor would it be wise to attempt wholly to explain all the observed 
phenomena without a much wider knowledge than is at present pos- 
sessed of the distribution of the various volcanic formations. No other 
explanation of the horizontality of the upper conglomerates seems at 
present admissible than that they were deposited, or, at least, arranged, 
under water, as Hayden has observed. This is partly proved by the 
occurrence of intervening layers of sands and clays at various points ; 
but it must be acknowledged that many of the facts are not easily 
accounted for upon this hypothesis. 

Often quite large masses of the Tertiary and other strata are inclosed 
in the cement of the breccias ; and these are frequently composed of 
thin layers, which have not been separated from each other, as must 
have been the case had they been forcibly ejected. These sedimentary 
beds, often containing plant-remains, (Miocene probably,) are also usu- 
ally disposed horizontally, and, even when much broken and widely 
separated, a certain continuity can be traced, which proves, beyond the 
shadow of doubt, that they have been covered Avhere they lay before 
the volcanic outflows took place. It is, then, highly probable that the 
senu-aqueous breccias and conglomerates, being thrown out into large 
bodies of water covering the sedimentary strata, have disru[>ted tTie 
latter in places, leaving other portions to be inclosed by the igneous 
material in situ. 

The silicified wood exists in enormous quantities in many of the vol- 
canic breccias and conglomerates; and thousands of excellent specimens 
may readily be obtained beside which the ordinary fragments so often 
preserved in museums will sink into insignificance. In many instances, 
large logs and stumpsof treesare foundentire ; and examples have previ- 
ously been given of the existence of the upright trunks of trees in some of 
the beds. From Amethyst Mountain I obtained pieces which had been 
worm-eaten^ before becoming fossilized, and several logs were observed 
which had been worn very smooth by water-action previous to the change. 
In both of these cases there was every reason for believing that the wood 
had been rather suddenly acted upon, and that it had not been formerly 
deposited as a sediment; for the worm-holes had apparently never been 
filled by mud, and the water-worn logs had the appearance of recent 
drift-wood. As for the large majority of the silicified logs and stumps, 
I am quite confident that they were contemporaneous with the igneous 
deposits in which they are now inclosed; and this opinion is based upon 
a much greater amount of evidence than can be presented here with- 
out detriment to other portions of the report. There are other more 
fragmentary accumulations of this material in the later strata, which 
have probably been formed to some extent by hot-spring action, and 
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ill these menilite is not aiicommoD. The process of silicificatioD, in my 
opinion, so far as the bulkier masses are concerned, has been that of 
the infiltration of silica by means of water percolating through the 
i;;neous material ; for cavities in the wood and in adjacent portions of 
the conglomerate are now very often lined with perfect quartz -crystals 
in Rreat variety of color and arrangement, particularly in the vicinity 
of Amethyst Mountain, on the left hank of East Fork of the Yellowstone 
Hivcr. Quite commonly, the wood shows signs of charring oi of lesser 
lu'utaction upon the outside, which cannot be explained anless we 
a(lo[it the conclusion that it was not mineralized at the time of the 
i^'iionua ejections. Often, large cyliudricil masses of very beautifully- 
banded opal, of richly-variegated colors, will be found in cavities with 
Jin exterior and interior resemblance to wood; and these very frequently 
present an irregular surface across one end, as if the tree or log had 
been broken in two by the force of the flow, leaving a fractured end 
upon which the concretion was formed and continued beyond the wood. 
Ill other cases, it apt>ears that the wood was nearly or qnite consumed, 
but so slowly that an impression was left of the exterior in the volcanic 
cement, to he afterward filled up with silica with more or less of a con- 
eretionary structure. In this way, as well as in cavities formed by other 
means, geodes and other concretionary forms have beeu protluced in 
(jiiiuitity with almost every conceivable variety of structure and coloring. 
The [JOsitioQ of the ancient fissures cannot be accurately determined 
except by extended observation. I)r, Le Conte, as the result of special 
iil)f;ervatious in Cregon aud westward, is convinced that the priucipul 
tip.siiies in that section were located in the Cascade and Blue ranges; 
but it is probable that others, perhaps of less importance, existed east- 
Hiird from that region. There is yet the greater part to be learned eou- 
ccining the deposition of the beds surrounding the Yellowstone basin ; 
anil it is with some slight hesitancy that the following views are ad- 
vanced, although they appear to l>e well supported by the facts so far 
iis they have been observeil. The author hopes yet to do more thorough 
work in thisinteusclyinterestingfield; but, in the meantime, it will not 
h<- out of place to record here some opinious, wliicti may serve, in some 
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beds, it is impossible to offer mucli of value bearing upon this question ; 
but it naay be said, in a general way, that the order of euccession of such 
of the layers as appear without doubt to represent the fissure-eruptions 
is not unlike the above in the district under consideration. The classi- 
fication proposed by Baron Bichthofen separates varieties of igneous 
rocks which may, in one or two instances, be too closely allied to admit 
of such distinction ; though too little is known of the mineralogical rela- 
tions of all these rocks to enable a more natural system to be adopted. 

The lowest conglomerate bed is propylitic, i. c, it is cemented with 
jyropyUte; and the overlying lavas, as exposed in the lower portion of 
the caiion of North Fork of the Stinkingwater, are propylite until the 
region of dikes is reached, when andesite comes in, apparently having 
broken through the propylite by new fissures in places. Above the latter, 
as a rule, occur thick beds of mnidin-trachyte^ or trachyte-porphyry^ con- 
taining crystals of sanidin. The rhyolite beds, probably, in most cases, 
overlie these, and these are succeeded by layers of basalty often columnar, 
and sometimes brick-jointed. There are many intermediate varieties of 
these rocks, including compact and cellular, porphyritic and amygda- 
loidal, quartzose and felspathic, and the lavas are interspersed with 
tufaceous and other breccias frequently partly formed from the material 
of the preceding layers. 

Judging from sections exposed in the Yellowstone basin and in the 
valley and the caiion of the Yellowstone River, it would appear that, 
after the deposition of the Miocene beds, the first outflows of 2>^'opylite 
had passed across this region, and probably a large part of the succeed- 
ing fissure-ejections, including the basalt-flows. I am strongly inclined 
to believe that at least one prominent fissure existed during the propy- 
litic, andesitic, and trachytic periods (and possibly during the period 
of basaltic eruption, though this is somewhat doubtful) at a point some 
miles east of the present watershed on the east of Yellowstone Lake. 
The location of this fissure need not have been permanent, however ; but 
it may have shifted its position at each period of action. The formation 
of the Y'ellowstone Lake basin, according to this view, is, then, readily 
accounted for by supposing the area now occupied by it to have been 
situated between the limits of an eastward and a westward lava-stream, 
which approached each other without meeting, except, perhaps, during 
the earlier eruptions. 

It must be remembered that the fissure-action continued during a 
very long era, extending from near the close of the Miocene epoch until 
probably late Pliocene times, or perhaps even into the Post-Tertiary 
period; and that, between each period of outflow as well as between each 
separate eruption, erosion of the surface was often very extensive. Add 
to this the subsequent erosion and obscuring of the structure by various 
agencies, and some faint idea may be had of the difficulty of obtaining 
a sufficient number of facts for safe generalization in a single rapid trip 
through the region. The ideas which have been here presented have, how- 
ever, been rendered possible by the peculiar and very fortunate course 
chosen by Captain Jones, which permitted a more e^ttensive view of the 
district than is often obtained in a single season by exploring-parties. 

Several lengthy chapters might easily be filled with results derived 
from the proper study of notes and collections; but justice to other parts 
of the report, treating of subjects of equal interest and importance, for- 
bids the expenditure of more time and space upon this review. A few 
brief remarks upon the results of crater-eruption will be all that can be 
given at present. 
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(IKATEK-EEUPTIOKS, 

A tracing of the liucs of trend of tbe reiunants of lUc extinct Tolcaoic 
cones would scarcely represent the trne positions of tbe ancient fissures 
which have just been hastily considered. Taken together, and in con- 
nection with the general history of the volcanic action, it may be said 
that the phenomena of crater-eruption were of more recent date than 
the fissure-ejections ; but it may be doubted whether all of the products 
of the coues have been deposited subsequently to those of the extended 
Ijssures. In other words, the crater-period, as we may call it, is chro- 
ucilogiciUly later than the fissure-period ; but active volcanic cones may 
have existed to a certaiu extent during the earlier period also. It has 
become a custom with some to refer every high peak in the volcanic 
district to the category of extinct craters, often with little or no regard 
to propriety ; and I cannot believe that there have been as many such 
centers of emission in the region visited by our party as have been cur- 
rently reported from that section. lu fact, fiie esccasive erosion to 
which these rocks have been subjected since their ejection from the vol- 
canic vents has so obliterated the original craters that it would be 
very unwise, in many instances, to attempt their ideal reconstruction 
or restoration without the closest study. "Sailor" Peak, and many 
other similar high points in the Sierra Shoshone, numbers of which are 
ill view from the elevations upon cither side of the Stinkiugwater Pass, 
have very probably formed parts of the rim of one or more craters ; but 
it would be the height of imprudence to affirm that there bad existed in 
this section a definite number of craters, or to attempt to define their 
limits, or even to determine their relative ages, without devoting a very 
great amount of time and labor to the investigation of these special 
subjects. 

There can be no possible gain ia reporting, as tact, mere opinions 
based upon a cursory review of a district teeming with an overwhelm- 
iiift amount of material for study, which it will R'quirc years of patient 
ivMcareh to develop into anything like perfect system. The present 

liter has had some slight opportunities of observation of recent but 
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The material of tbe crater-outflows of lava appears to include members 
of both the felspathic aud augitic series; but it cauuot be positively 
affirmed that some well-exposed sections (particularly in the lower end of 
the Grand Caiion of the Yellowstone and in the magnificent gorge of Gar- 
diner's River, East Branch, below the high falls) do not exhibit inter- 
mingled crater and fissure flows. Obsidian of several varieties is quite 
common ; in some cases directly overlying the granites, and forming thick 
layers, which have been denuded so as to leave prominent dark-colored 
buttes. This is not uncommonly spherulitic, sometimes a compact vol- 
canic glass, splitting into flaky pieces, quite generally pori)hyritic, and 
often possessing a more or less perfect columnar structure, varying in 
color from reddish-brown to dark-brown and black. 

Very regretfully, this subject is thus summarily disposed of, although 
its further elucidation is but a question of time devoted to the elabora- 
tion of material in the possession of the writer. Should future leisure 
allow of the completion of this work, it will be given to the public 
through the medium of periodical publications. It is necessary now to 
pass to the consideration of topics of more general interest by reason 
of their present significance. 

THEIIMAL SPRINGS. 

In order of time, the hot springs were preceded by geyser action ; the 
former being the representatives of a later stage in the gradual dying- 
out of the subterranean heat. It will be more convenient to reverse this 
order in the examination of their effects; leaving the rather special 
pnenomena of the geysers to be described in chapter XIII, which will 
be largely devoted to them. In the remaining pages of the present 
chapter, and in chapters X, XI, and XII, descriptions of the principal 
thermal springs will be given, including also such cold springs as are 
the undoubted relics of formerly heated basins or channels. This clas-« 
sificatiou of the results is founded upon extremes of activity, between 
which it is possible to discover a complete gradation, so that no well- 
marked line of distinction can be drawn to separate the two main divis- 
ions. 

The hot springs represent merely the quiescent state of the active gey- 
sers; and many of the latter, when dormant, present no features which 
will enable one to determine their real character. It is, therefore, not 
certain that a few of the botols^^ which have been described heretofore 
and in this place as hot springs, are not in reality geysers, which have 
never been observed in action. In most cases, however, as will appear 
in the sequel, the important dormant geysers can be distinguished from 
the non-eruptive bowls by the marks left upon the surface of the rim by 
the falling water. Where convincing proof of this nature exists, the 
bowls have been referred to the second division ; and they will be consid- 
ered in another chapter. 

For purposes of description, it will be advisable to deviate somewhat 
from the general plan of this report, and take up the groups of thermal 
springs in local order without special reference to their phenomena or the 
composition of their products. This method possesses more of system 
than would at first appear, because each locality is marked by the exist- 
ence of effectB which are in a measure peculiar to itself. We may begin, 

* The term bowl wiU be used iu this work to designate generally the basins or craters 
of the hot springs and ge^^sers, regardless of ^form or size; the (term haain being 
restricted to its more general use, as applied to a topographical division ; thas, river- 
basiUf gej/ser-basin, &c. 
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then, witli tbe first group wbicU was met after oat entrance into tbe 
Xational Park, viz, tbe salses and solfataras in tbe vioiDity of Tnrbid 
Lake, reserving tbe Batb Springs below Camp Brown for some consid- 
eration at tbe close of tbis cbapter. 

I, — TUttBID LAKE GKOUP. 

Tbree visits were made by myself to this locality, including one night- 
tainp near tbe sbore of the lake, {see cbapter I, special trip No. V.) The 
greater part of the data here recorded were gathered on the occasion of 
tbe second visit, made tbe day of tbe passage of the main party through 
tbis section, on the way to Camp 38, at tbe outlet of Yellowstone Lake. 

Tbe first near view of tbis gronp of springs was bad on the previous 
day, when I reached tbe spot at 11 a. m., bat was able to gain but little 
information, as I was obliged to retaru immediately to Camp 37. At this 
time, little or no vapor was rising from the surface; but there was every 
indication that ebullition had taken place within a few hoars ; for tbe 
ground was wet in many places around tbe bowls npon the lee side, and 
tbe inner surfaces of the bowls themselves above the theu water-level 
were also quite wet. 

On the following day, (Augnst 1,) I reached the locality at 8.45 a. m. 
When two miles distant from tbe spot, the odor of sulphuret«d hydro- 
gen from the steaming sulphur was plainly perceptible. When I arrived, 
there was much vapor arising from various points southeast of tbe small 
lake, and the odor was very strong. Near the beach, there was a rather 
large, deep, saucer-shaped bole, containing muddy water in a vio- 
lent state of ebullition, (a, Fig. 27.) In Fig 27, b represents another 
spring not far distant, with a deep bowl somewhat longer than wide ; tbe 
.sides being nearly vertical. This also contained boiling, muddy water, 
. which produced a rumbling sound beneath tbe surface at one side, as if 
u subterranean chamber existed al that point. Occasionally mud was 
spurted to a height of several inches; but in neither a nor b did any 
ing tiilie place, though rwent marks of sta'h allow were evident 
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sulphur region d. According to Dr. Heizman's observations, the tem- 
perature of the hot springs of the Turbid Lake group varied from 180^ 
F. to 1920 F. 

Much drift-wood has been brought down by the stream at times, and 
lodged near the area of activity. Wherever this has been soaked by 
the sulphurous water, it has changed color, at first assuming a yellow 
tint, then gradually becoming brown, dark-brown, and finally black. 
The spring-deposits about this wood also become blackened to a great 
extent. Indescribable clusters of crystals, needle-shaped, of pure 
sulphur, are formed by condensation upon the roofs of the miniature 
caverns beneath the crust, where the heat is retained for a great length 
of time. Fragments of scoriaceous material, composed of sulphur and 
other ingredients, with admixtures of various impurities, are scattered 
over the surface, appearing as if burst from the crust by the sudden 
increase of tension attendant upon the periodical eruptions. 

There are good reasons for placing many of this group in the list of 
active geysers; but inasmuch as their projectile effects are not great, it 
has been thought best to include them among the hot springs. Few, 
if any of them, are entitled to be classed as perfectly clear springs; 
there being in this locality two principal kinds of turbidity, the muddy 
and the milky. The mud bowls, or the salses, are situated at some 
distance from the exposures of igneous rocks, with thick argillaceous 
deposits at the surfiice, through which the waters must pass in their 
exit to the outer air. The sulphur-vents, or solfataras^ on the other 
hand, are, in the vicinity of the ancient spring-deposits, derived from 
volcanic rocks of the trachytic group, from which they may obtain the 
sulphur, alum, and other substances which they have deposited by 
sublimation, condensation, and evaporation in such large quantities. 

Concerning the periodicity of tbe action of this group of springs, a 
few facts only have been collected ; but I was fortunate enough to obtain 
some data upon which to found an opinion. About 3 p. m. of the 2d 
day of August, I first caught sight of Turbid Lake from a high poiut 
north of the 8tinkingwater Pass, two thousand feet above the level of 
the springs. At that time, no vapor was rising from this spot, although 
the locality of the concealed Steamboat Springs, which emit much less 
vapor at any time than the Turbid Lake group when in action, could 
be plainly discerned by the vapor. On the following day, as previously 
stated, I reached this locality at 11 a. m., and discovered that an erup- 
tion had occurred before my arrival. Upon the way, at least two hours 
before reaching the place, I clearly distinguished volumes of white 
vapor issuing irom the direction of the group, and then the view was 
obstructed by timber for the remainder of the distance. On the 4th of 
August, I found the springs in action at 8.4:5 a. m., and the emission of 
vapor had almost ceased at 10 a. m. 

lieturning to spend the night in this vicinity on the Gth of the same 
month, no notable quantity of vapor was visible, but during the night 
a heavy mist shut out the springs from view. When this had been dis- 
sipated by the sun, I again saw the springs in vigorous action before 6 
a. m. From these observations, it seems reasonable to conclude that 
the increase of activity, or the eruptive throe, takes place in all the 
springs of this group quite regularly, beginning before 6 a. m. each day 
and continuing for at least four hours without interruption. It is pos- 
sible that another period of activity may occur at night; but this I 
regard as exceedingly doubtful for good reasons, which it will be impossi- 
ble to give here. 
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II.— steamhoat smixcrS akd others. 

Tlic Stenmboat or Puffing Spring ami its associate.'^ are sittiated on 
tlie bank of tbe Yellowstone Lalce, west of south from Turbid Lake, as 
sliowu in Fig. 27. At e, same figure, are represented several stagnant 
lakes, with a number of hot and coW springs near Yellowstone Lake, 
which are apparently dying out, there being few signs of recent activ- 
ity. These may be included in this second section, on account of their 
close similarity, except in intensity, to the tSteam Point and Steamboat 
groups. At Steam Point, close to the lake-shore, there is a prominent 
^spring, which emits much vapor, but it does not differ in any marked 
nianuer from the Steamboat group, either in its phenomena or in the 
diameter of its deposits. Eastward from the point a short distance, 
another small collection of evanescent solfataras occurs, which, in real- 
ity, belongs to the Steamboat group, from which these springs are sepa- 
rated by a minor ridge rnuuing down to the lake shore, composed 
mainly of ancient spring-deposits. 

Passing over this ridge, the trail runs above several more springs, one 
of which is the Steamboat, appropriately named from the peculiar sound 
emitted, which closely resembles the puffing produced by the escape of 
steam from the cylinders of a high-pressure steamer. This is caused by 
the passage of the vapor from a subterranean chamber, under pressure, 
through a narrow orillce in the hanl rock. A few rods farther up the 
lake, sulphurous vapor issues from a cavern, in conglomerate, with a 
seething noise, as it comes in contact with the waves, not unlike the 
sound produced by tbe escape of steam from the cylinders of a locomo- 
tive moving slowly. For purposesof distinction, this will here be called 
the Locomotive Spring. There are two or three other prominent springs 
at this point, one in nearly the same vertical position as the Steamboat, 
but with a larger oritice. 

A general section of the rocks in this vicinity, given in Fig. 2S, 
will render more clear the explanation of the facts here observed, and 
the probable relations of these springs to those of the Turbid Lake 
group. 
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The action of the wares npon the shore is gradaally converting the 
Steamboat and other springs into Ijocomotives, and the Locomotive into 
a boiling spring in the midst of the lake, several of which already exist 
at different points. 




Safflcient data for arriving at a sati-jfactory conclusion in regard to 
the penodiutv of the action of tUese springs are wanting at present. 
Some observations ba^ e led me to surmise that the emission of vapor is 
more constant or of more frequent recurrence than in the case of the 
Tnrbid Lake group. At any rate, there is no good reason for believing 
that any miderground connection exists between the two groups. It 
seems probable, also, that while the Steamboat aud Sttiam Point 
Springs may be subject to nearly the same iuflnences, the group repre- 
sented at e, Fig. 27, is not connected with either. This view ia little 
H, Ex. 285 13 
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better tban a mere opioion, however ; thoagh it niaj be stated tbat the 
iiit^DiberB of the latter givup were not observed in vigorous action at 
till' time of my visit. 

III. — GBEEM SPBING AND SULPUU& (!) HILLS. 

Li'S3 than two miles bejond Tarbid Lake our trail crossed Pelican 
Creek at a point where there occurs upon the right bank an extensive 
bed of hematite, (Fe, Oj,) of the variety eUenrakm, or red ockre, which 
is evidently the result of deposits from hot chalybeate springs. An 
iron-spring of cold water empties its contents ioto Pelican Creek at the 
crossing, but little or no precipitation takes place. The Indians use 
the material as a paint, and much of it has been taken from the spot, 
although our discovery of it was new to the whites. 

At the farther edge of this deposit is a magnificent hot sulphur- 
spring, the stream from which siuks after raoniug a fow rods, then 
jmsscs over the surface again aloug the edge of the ore-bed, finally dis- 
charging into Pelican Creek. The temperature of the water, according 
to Dr. Heizmau, is 104° F. Large quantities of a stimy, green Cryp- 
togam grow in the bed of the stream, which suggests the name Green 
Spring proposed at the head of this section. The study of this locality 
bids fair to prove of great interest; for there are developments here 
which cannot be elsewhere observed over the whole region. The hot 
springs in the valley of Pelican Creek, near the junction of the Three 
B'orks and above, upon the main branch, possess a certain degree of 
interest, but they are removed from the region of great activity, aod 
mity be included in the preseot division ou account of their miaor 
importance. 

The mineral products of Green Spring are mainly iron, sulphur, and 
silica ; the iron being apparently of small moment, so far as the accumii- 
latiou of a ferruginous deposit is concerned. There is, however, much 
ground for the belief that this substance is of great importance in con- 
nection with the growth of the above-mentioned Cryptogam. Nowhere 
■ any of the hot springs of this region was tlitTu fouud such an 
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been, daring a recent geological period, and probably within the histori- 
cal epoch, a degree of activity greater than is at present manifested 
anywhere in this vicinity; and yet it does not appear that the existing 
phenomena are materially less than they have been for very many years. 
Small springs at the very bottom of these pits have formed about their ori- 
fices deposits which are clearly the result of long-continued action, while 
there is unmistakable proof that the present level of some is from 
twenty to fifty feet, at least, below the outlet of comparatively modern 
ponds, which once occupied the basins. The present outlets are largely 
of later origin. The history of the accumulation of the extensive 
deposits, here forming a mass several square miles in area and fully 
two hundred feet in thickness, is not to be read in an hour; but it will 
require the patient labor of years to unravel the intricate problems 
which arise even while viewing hastily a single section like this, which 
is but one of the lesser of a hundred of this nature. This deposit repre- 
sents, without a doubt, a period subsequent to the culmination of the cra- 
ter-eruption, when the Yellowstone Lake extended to a much higher level 
than now, and the formation may have begun within its waters, after- 
ward becoming a portion of the shore-line. From this and other observa- 
tions, it cannot be disputed that the early hot-spring action was upon a 
scale of almost unimaginable magnitude. Tbe mind utterly fails to 
grasp the reality ; and the existing demonstrations, wonderful as they 
are in many places, we must believe are the mere shadows of the past. 

The ridges which now form the rims of the basins are made up of 
quartzites, conglomerates, and other layers, most of which are mainly 
composed of materials originally deposited from hot s prings. The sno w- 
white asi>ect of the hills, which enables them to be distinguished from 
a great distance, is due to the silica which forms the great bulk of the 
deposit. Sulphur exists in broken masses, mostly amorphous, with some 
sublimated crystals about the active springs. Occasional brick-red 
spots are visible, caused by the presence of iron. The mass of the sili- 
ceous deposit is a fairly compacted white rock, fine grained, and much 
jointed ; but there is much of a very beautiful tough quartzite, with a 
conchoidal fracture, and having a pearly luster, or it is sometimes 
iridescent in a favorable light. 

Between 12 m. and 1 p. m. of the 4th of August, a heavy cloud of 
vaiK)r was observed ascending from this spot while passing along our 
main trail one mile distant. I visited the locality about two o'clock in 
the afternoon of August 7th, and also had several other good opportun- 
ities of observing such emission if it had occurred, but not near midday. 
Had I not seen it, 1 could not have believed it possible for such a quan- 
tity to be emitted by such a small number of apparently unimportant 
springs as were afterward found to occupy this section. Judging from 
this accidental circumstance, it may not be unfair to suppose that these 
fumeroles are periodically agitated, though nothing can be predicated 
concerning the regularity of the action, nor the duration of th(3 quiescent 
intervals. It may also, with some degree of propriety, be iiuerred that 
this group is distinct from those previously discussed. 

The springs before mentioned, which are situated in the uppi^r portion 
of the flood-plain of Pelican Creek, near the junction of its forks, and 
above, are of comparatively little importance, although there are several 
small fumeroles among them. Like many others of their class, tiiey are 
noticeable on account of the sulphur which they are the means of depos- 
iting about their orifices and distributing through the agency of their 
overflow. Not infrequently these springs are directly in the bed of the 
stream, or in the midst of sluggish pools near its edges. Two \isits to 
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tliis locality, aboat noon on tlie 7th of Augnst, and at 8 a, m., Angnat 
J3tb, shoved that diflereDces iu intensity are not lacking; for sev- 
vral fair-sized orifices, wliich were not seen on the occasioii of the first 
trip, were observed iu a<;tioii on the 13th, some time before reaching the 
spot. In connection with this statement, it must, however, be remem- 
bered that the difi'erenue in the temi)eratiiieot the atmosphere at Sa. m. 
and 12 m. is sufficient to account in part for the difl^rence in the Quan- 
tity of the vapor, aud, perhaps, for the whole. 



In passing down the Yellowstone River Valley from the lake, two 
prominent groups of hot springs are met before reaching the rapids 
ai)ove the falls. Most of these are upou the left bank of the river, how- 
ever, and they were, therefore, not specially examined. Somewhat 
detailed descriptions of the principal meuibers upon that side of the stream 
are given by Dr. Hayden and Dr. Peale in their reports for 1871, under 
the heads of mwrf-wfcanoes and crater-hilU.* Both of these groups are 
highly interesting and important. Tliey doubtless represent a former 
mure vigorous condition of the Sulphur Hills group. In each case Im- 
mense deposits have been accumulated, and many springs have ceAsed 
their actiou; but, in the Yellowstone Kiver groups, many powerful, clear 
and turbid springs and salses are still active. From the right bank, all 
this may be learned, as wellas tbef»ct that sulphur, iron, and silica form 
portions of the accumulated masses, giving the characteristic yellow, red^ 
and white colors to various portions of the hills. Dense clouds of vapor 
maybeseenisaning from these localities at certain hours, and the thump- 
ing noise produced by the throbbings of the agitated mud of the salses 
may t>e distinguished without difficulty at a considerable distance. Sal- 
phvdric acid gas (H, S) is evolved iu notable quantity. 

There are several mud-bowls and seething springs upon the right 
bank of the river, directly opposite the upper group, or the mud-volca- 
noes, six miles below the outlet of the lake. One of these, n 
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waters of the ancient lake. In some places, above the looser and more 
tinely-commimited sands and clays, or intermingled with them, occur 
occasional beds of the more compact trachytic lavas. In the immediate 
vicinity of these springs, the clays and the trachytes predominate, 
w hich faet is sufficient to account for the emergence of the springs, for 
the most part, as salses and solfataras. 

v.— FOREST GROUP. 

The foregoing general remarks will ap[ily almost equally as well to 
an extensive group of thermal springs near the verge of the right wall 
of the Grand Caiiou of the Yellowstone, and the few following details 
concerning this collection will be found to correspond in most essential 
points with the descriptions of the two preceding groups which have 
been given by Dr. Peale and other authorities. This cluster may be 
appropriatel> styled the Forest Group, being so nearly surrounded by 
growing timber that it might easily be overlooked by the passing trav- 
eler, or regarded as a section devoid of s(>eclal interest. 

This group comprises representatives of all the great classes of 
thermal springs, including also a variety of cold springs of varying 
composition and temperature; while, as a whole, the locality in which 
they occur may be said to belong to one of the latest stages of 
thermal intensity. There are some spots in which the activity is 
much greater than in others, and a considerable stream of water passes 
olf at certain intervals, as the result of the accumulated discharge 
from a number of the clear and more vigorous bowls. The majority 
of the active springs, including the salses and solfataras, emerge 
through the enormous accumulations of ancient hot-spring deposits, 
which here almost completely obscure the underlying beds of volca- 
nic origin. Not infrequently, two or more salses are seen in close prox- 
imity to each other, apparently receiving their supply of heat from the 
same source, and yet scarcely any two of these agree exactly in all their 
manifestations. One feature of several of these mud-bowls is espe- 
cially noticeable, i. c, the thickness or toughness of the mud, which 
causes it to be arranged in the form of low cones about the centers of 
ebullition. This represents the stage of transition from the salse proper 
to the mud-puff, but none of the latter were observed in the basin occu- 
pied by the Forest Group. This collection of springs is distributed over 
an area of considerable extent, and also includes properly several im- 
portant bowls which are located upon the walls of the Grand Canon 
itself, mostly near the bottom of the chasm, not far from the edges of 
the stream. The majority of the springs, however, are located upon a 
broad, barren flat of dried mud, sand, and tine gravel, which nearly 
encircles a short ridge of ancient hot-spring deposits, rising to a height 
of about two hundred feet above the general surface. It v\'as extremely 
difficult to make out a satisfactory section of these dei)osits on account, 
of their great variety and the obliteration of structure caused by wash- 
ing and weathering. Besides many of the more common varieties of 
the hot-spring formations, the following-described specimens of rocks 
were collected from this locality: 

1. Eock at the top of the ridge, a fine-grained, yellowish-whire sand 
rock ; or, rather, a tine gravel-rock, or conglomerate, apparently fornu^d 
from material de[)osited originally by hot springs. 

2. White siliceous rock, which gives character to the hill; also, a liot- 
jspring dei>osit. 

3. Lying, apparently, between layers of No. 2, occur bands of reddish 
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ami ligbt-yellow saiidstones, probably re-arranged by the waters of the 
atident lake subsequent to formation by hot 8|>ringB. 

4. Lower (T) than the preceding, bard, slubby, fine-grained Band- 
stoue, which also appears to be composed of hot-spring material. 

5. A peculiar hiird rock, showing a thiu layery structure, occurs in 
both thick and thin layers. 

(i. lu positiou probably above No. 5, a conglomerate made np of a 
rock like No. 5, inclosing fragments of a kind of spring quartzite. 

T. Crystalline deposit from a spring toward the eastern base of the 
ridse. This hot spring is in every respect (except the presence of very 
little iron) like the Green Spring, on Pelican Creek, before referred to. 
(tiroup III, this chapter.) 

S. A hard, white, slabhy rock, found below io the wash, but occurring 
ill sita (I) below the others. 

Abont two-thirds of the distance up the hill fragments of a tufaceonfr 
layer were seen, but its iM>8itiou with resi>ect to the above conld not be 
determined. 

On the flat below tbe hill, in the mud washed from the springs, there 
were imbeilded logs of soft«ned wood, and the standing trees for a little 
distance showed signsof a former ttood in the wbiteriing of their trunks 
at the base. The dat was covered (August 8) \\'ith magniflveut exam- 
])le8 of mud-cracks on a large scale. 

As mifiht be anticipated, these ingredients of the accumulations now 
in progress in this locality are by no means characteristic, but there is 
scarcely an element which is found in other s|iringa that is not here 
represented in one or more springs. Sulphur is not formed at present 
in great quantity, tilthougfa there are several quite active solfataras; 
but that this snbstatice has at one time been abundantly produced here 
is proven by the prevalence of the yellow colors in the walls of the 
cahoD and in the adjacent bills. Silica is abundant in the ctifi's and it is 
still the principal productof several of the most interesting bowls. One 
of these in particular is worthy of note. It emerges from tbe rocks 
witliin a very few teet of the river's edge, below tbe lower fall, hun- 
dreds of feet below the level of tbe miyority of the members of the 
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base of a steep bill, and tbe springs lie apon botb sides of tbe creek 
quite near tbe edge of tbe water, two or tbree emerging almost directly 
in the trail. Unfortunately, a mere cursory glance was all tbat could 
be obtained, on account of otber duties, but enough was learned to 
prove that this group is well worthy of careful investigation. Sulphur 
and iron appear to be the prominent products, though it is probable 
that silica also plays an important part. As a rule these springs are 
clear, and they mainly emerge from the rocks, leading to the formation 
of small cavernous openings, which render more audible and resonant 
the puffing of the vapor as it escapes under pressure. One bowl thus 
simulates the noise produced at the Steamboat Spring, on Yellowstone 
Lake, but in a lesser degree. The orange-colored precipitate covering 
the rocky bed of the stream, from which its name bas arisen, is a spring 
deposit of ferric oxide. This does not seem to originate wholly at this 
X>oint, but it is probably formed also by other springs, hot or cold, 
farther up the stream. 

Isolated springs, — A few scattered bowls occur over the region south 
and east of the great Gardiner's River Group, to be described in the fol- 
lowing chapter, but a mere statement of their positions is all that is nec- 
essary, for nothing is known concerning them which serves to separate 
tbem in their features from the groups already mentioned. A few of 
these may be found at greater or less intervals along the banks of the 
Yellowstone River below the falls, and, less frequently, in the valley of 
tbe East Fork and upon its tributaries. In most cases, these isolated 
springs are the remnants of more active scenes in the past, and occa- 
sionally they serve to mark the location of a once very vigorous group, 
even including one or more geysers, as in the valley of the East Fork. 

VII. — BATH-SPRING NEAR CAMP BROWN. 

This description is introduced here simply for the sake of convenience 
in arrangement, and not because of any direct relation which it is sup- 
posed to bear to any of the foregoing groups or springs. Indeed, the 
question of its relations to other similar bowls in any part of the West 
is by no means an easy matter to solve. In other words, it would almost 
seem that the causes of its existence are more apparent, if we consider 
it as unconnected in any direct manner with the Park groups. Reserv- 
ing the discussion of this subject for a more appropriate place, we will 
conclude the present chapter with a description of the principal features 
of this spring; which is situated near Little Wind River, on the right 
bank, about two miles northeast from the military headquarters at Camp 
Brown. 

This bowl is, properly speaking, an aqueous basin or pond ; which 
receives the contributions from several prominent orifices opening 
within its borders. This pond covers an area of considerably more than 
five thousand square feet, and a continuous sup])ly of hot water is passed 
off through the channel of a large stream, which connects the springs 
with the Little Wind River not very far distant. The water is usually 
clear enough to enable the bottom of the pond to be seen at a depth of 
five feet or more, but there seem always to be held in suspension, mi- 
nute particles of a very light-yellow precipitate, which also covers the 
bottom, and which renders the water turbid when disturbed by the feet 
of the bathers. The depth of the pond near the center is very great, and 
one very soon passes beyond one's depth in moviug from the edge of the 
basin. 

Carbonic acid is given off abundantly, and Dr. Ueizmann finds that cal- 
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cic b.v|)ocblorite (cliloride of lime) in prenent in coiiaulerablo quantity. 
Tlic i-uotB of grasses, and such otber vegetation as is fouiitl in tlie iinmc- 
ihiitv vicinity of the water, are completely bleached by the agency of 
tlie Ititter. It is a little remarkable, in cousidcration of the fact that gyI^ 
Slim is so abundant in the neighborhood of this spring, thatsulpbiiraud 
its iiuida are present only in very small pro[>ortious. Tliet.em[>eruture, 
uliich varies slightly at times, is but a few degrees above " blood beatV 
(08° F.,) but it dififers from the ordinary day- temperature in the summer 
Niifticieutly to cause a feeling of discomfort when first entering the water 
ti> bathe. The effects produced are thought to be very beneficial, and 
llie inhabitanta of this section consider it especially vnluable id the 
treatment of affections of tbe akin. The members of Washakie's band 
of Shosbonea, regard it as useful in alleviating tbe distressing features 
of syphilis, a disease which is quite generally pievaleut among lodiau 
tribes. 

This spring emerges at a point where the great gypsnm-fold, as it 
may be termed, has been denuded for the passage of the Little Wind 
Itiver across it. Without more extended study it is extremely difficult 
to account for its occurrence without supposing it to be in some way 
connected with the formation of tbe fold itself. There are no rocks of 
volcanic origin within a radius of more than forty miles, so far as is 
kuown, and no hot spring, within the volcanic district, is kaowa to 
exist nearer than oue hundred miles from this point. 

Tbe next chapter will be devoted to the description of tbe mammoth 
springs of Gardiner's River, tbe most imiK)itant collection of this nature 
now known hi auy part of the world. 



CHAPTER X. 
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8tepa. These bencheB, of which there are do less than fourteen, with 
activn Hpriiigs, besides a number more ancient and more eluviited, are 
not ordinary terraces snch as those of the Terniee Epoch, bnt, as we 
Htiall presently see, they are almost entirely made np of dei»ostts from 
extinct and active hot sprinfjs. 

The first seven steps cont^io the majority of the largest and most 
vigorous springs now in action. The upper tiers of beticUes shed their 
drainage, for the most part, down upon and across the to|>8 0l' the lower 
series, but the greater part spreads out, when it reaches the seventh 
terrace, so as to pass over the edge in a thin sheet. This is ciinsed by 
the very slight slope of the surface, and it has resulted in the very 
l>ecu]iar conformation of the blufl's, which is one of the most striking 
features of this group. The section shown in Fig. W will serve to 
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eincidate the structure which has influenced the production of the gen- 
eral features, while the special peculiarities alluded to are diagram- 
matically represented by Fig. 30. We need uot here enlarge upon 
the causes of the arrangement of the rock-masses which underlie thia 
ares, but we will proceed at once to the description of the springs and 
the phenomena atteudaut upon their action. 

DESCRIPTION OP THE FIRST SEVEN TEREACES. 

Ou the flat below the main tier of terraces there are a number of sejit- 
tered springs, which do uot essentially ditt'er from those at a higher level, 
and several prominent chimneys mark the positions of former geysers. 
One of the hitter, more than forty feet in height, with abase at least 
twenty feet in diameter, is the most striking feature to bit observed on 
this plain. From its peculiar shape it received the not inappropriate 
name of Liberty Oap from members of Dr. Hayden's party of 1S71. Be- 
sides the geyser chimneys there are also afewdrylMjwIsaiid Assures, and 
betwe<Mi this point and the river below there are several autive springs 
of some importance. 

Bathinff-pooh. — Rising to a height of nearly two hnndred feet alwve 
this tlat is the main tierof steps bt^foiv mentioned, which is fringed with 
a most remarkable arrangement of shallow pools or baihiug-tnbs, as 
they have been styleil. This peculiarity cannot be described with any 
degree of satisfaction to the writer, for it is so unlike ajiy other work of 
nature or art that it is iniiiossible to convey an adequate idea of its won- 
drous gran<ienr or of the almost eu(1le.^s variety of the strange pi*oclucts 
formed by the action of well-known foi-ces. The study of the physi- 
<:a1 and chemical changes here iu jirogi'esa is intensely interest! jig, and 
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ricb rewards are certainly awaiting those wbo may bereafter be enabled 
to labor in this new field for tnveBtigation. Some idea of the atructare 
of this aniqoe formation may be gained from an examination of the dia- 




gram, (Fig. 30.) A careful stndy of these pools has led me to believe that 
tliey are all lorme<l originally iu the same manner, whatever may be their 
nizeorsbape and without rttgard to tlieir present depth. If correct in my 
views, the water, which flows slowly over the surface at the top of the ter- 
I'uce, or elsewhere if the conditions are favorable, spreading out thinly, 
imsses off so slowly as to afford time for evaporation at the edgee, and this 
in hastened by the saturation of the hot solution of calcic carbonate. Very 
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result of the action of the water which trickles or pours over the sidea 
of the cups. 

The pools vary greatly in depth and in circumference, those of the 
greatest dimensions being usually accompanied by the most coarse oma- 
mentation, owing to the fact that they are subjected to the most rapid 
and poweiful action of the descending stream, thus being more abun- 
dantly supplied with the ingredients held in solution by the water. 

Chemical composition. — As would naturally be expected, when it is 
known that the principal constituents of the solution at this point are 
iron, calcium, and magnesium in the form of carbonates, the iron is 
usually separated locally under specially favorable conditions, while the 
upper pools, and especially the larger and coarser among them, are 
built up by the deposition of maguesic carbonate mixed with calcic 
carbonate ; the lower and the more shallow pools being more frequently 
composed of nearly-pure calcic carbonate. This latter substance, as is 
common in hot spriug districts elsewhere, usually separates as aragonitCj 
the greater portion, at least, of the calcite in this section being in the 
form of stalactites, and, consequently, of secondary origin. A careful 
determination of the mineral composition of these deposits at various 
elevations would, perhaps, reveal the existence of all the varieties which 
result from the combination of these three carbonates in different propor- 
tions, including true dolomite and ankeritCj with their intermediate 
forms. This view receives support from the great variety of coloring 
produced by the weathering of the ancient deposits, nearly approaching 
black in some cases. Silica is also a prominent ingredient of the spring 
deposits, and is sometimes obtained almost free from admixture with 
the others. Sulphuric acid is also perceptibly present. 

The tubs, arranged as they are upon the slope of the hill, receive their 
supply of water mainly from the overflow of the boiling springs above^ 
As the water passes from one pool to another, it gradually loses heat, 
each tub answering the purpose of a cooling-vat, so that bathers find 
no difficulty in obtaining almost any desired temperature. This locality 
has already become a favorite resort of many invalids from the surround- 
ing country, particularly those suffering from cutaneous diseases, for 
the treatment of which the waters are thought to be very valuable. 

ProductJf. — There is a remarkable diversity in the special products of 
these numerous cooling-pans, owing to the varying conditions of tem- 
perature, dimensions, and agitation of the contents. In some, especially 
near the top, and in the direct course of the outflow from the springs, 
the water is constantly passing through and does not remain long 
enough to become perceptibly cooled, and these are usually quite free 
from precipitations or other deposits, while the external ornamentation 
is often verv coarse. Others more remote from the flow transmit the 
water more slowly, thus allowing time for a considerable reduction of 
temperature in transit, and, in such cases, a very flue white deposit of 
calcic carbonate is formed over the bottom, which often attains a thick- 
ness of several inches. Many pools through which the water passes 
with sufficient rapidity to maintain a temperature as high as can well 
be borne by ordinary bathers, are thus encumbered by accumulations 
of this substance, in which the feet sink very perceptibly. Again, there 
are others in which a high temperature is maintained by a constant but 
diminished flow, which furnishes the conditions essential to the produc- 
tion of crystalline aggregations of the most peculiar and interesting 
forms. Twigs, small stones, and other objects placed in such situations 
eventually become covered with thick deposits of this nature, and the 
preparation artiflcially of ornaments of various kinds has already been 
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siicci-KsfuIly ncnompIiHlied with little ditBcnlty. Tbe most delicate and 
iiitLTcsling prottacts are, however, Ro frail as to render their transport 
]iti]j[)8Rible, and very many of them cannot be lifted from the pools 
ivithiiiit demolition. Owiug to the presence of notable qnantities of 
iron, magnesia, and other ingredients, the majority of the cryatalline 
;iiid colloidal products are of a dark-brown or reddish color while wet, 
rhanging otten through pink to a most delicate white upon the gradual 
vv)ii>onition of the water in the pools in which they are formed. It oc- 
casionally happens that a flowing tub will become converted into an 
evaporating pan by the cutting off of its supply of water by some 
means. In this event, if the condensation be fairly nniform and nuin- 
terrupted, stalagmitic pillars, often with a beantif'Dl honey-comb t«xtare, 
are not uncommonly built up over the bottom of the pool. Two such 
small aud shallow pans occur near the edge of a small streaui flowing 
from the large boiling spring presently to be described, which is situated 
itjiou a low terrace above the spring from which the main group of pools 
is supplied. One of the pans was entirely dry at the time of our visit, 
tlie bottom being covered with white pillars of the size of one's finger, 
three inches in length, arranged at intervals of about two inches. By 
the exercise of the greatest possible care both in collecting and in 
packing, I was enabled to transport several of these pillars with no 
further detriment than a reduction in length by fracture and crnmbling 
at the ends. In a neighboring pool, somewhat deeper and partly filled 
with water, another set of these columns was observed in progress. 
They were sotl and rather swolloo in appearance, of a dark-brown color, 
and all attempts t« raise them out of the " mother-liquor" proved futile. 
When taken from the water at this stage, the effect is very similar to 
the collapsing of a "Jelly-flsh" upon its removal from its uatnral ele- 
ment, with this difference, that there is left in the hand a more abun- 
dant slimy residue in the former instance. 

Much of theontfiow from the large spring at the topof the bluff pass- 
es down over a series of quite regular cascades, which present a rather 
gradual transition between the tiers of pools on one side aud the gen- 
ial absence of such formations upon Ihcotlicr sidt.', Passiiicsonthw 
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Fig. 31. In antnmn tbe dead and dried culms fall flat on the ground 
without detachment from the main stem, and thus the water flows over 
them without transporting them from the spot in which they have grown. 
Gradually an incrustation is thus formed by deposition from the sat- 




Fig. 31. — ^Diagraromatic section intended to show tbe process of lormation of iucrns- 
tations upon ** rye-grass'' at W^bite Mouutaiu Hot Springs. 

urated liquid, and the increase of the resulting prominences is limited 
only by the amount of water or the time employed in their formation. 
The texture of these cylindroid masses is compact^ and rather uniform, 
with some tendency to greater looseness of arrangement of the particles 
toward the surface. A transverse fracture shows lines of imperfect ra- 
diation, as though the crystalline structure had been induced by the deep 
ribs which mark the surface of the grass to follow certain lines in prefer- 
ence to others. 

Springs on seventh terrace. — Passing now to the summit of the ridge 
or bench which we have been discussing, a large active bowl is 
brought into view, which proves to be the source of a large portion 
of the water which flows over the cliff into and through the bathing- 
pools before described. Just below the main outlet of this spring, 
there was a beautiful pinkish deposit at one side, where it was 
still wet, but beyond the force of the current. This characteristic color 
is undoubtedly produced here, as in numerous other instances, by the 
presence of surtic'eiit iron in the water, as ferrom carbonate, to leave de- 
posits of ferric hydrate in quiet spots by the evaporation of the carbonic 
acid on exposure to the air. The spring itself, or, more properly, two 
very large springs connected by a narrow and shallow strait, are among 
the most ])owerful and extensive of the whole collection. Each t>owl 
is nearly 150 feet in one dimension, while the breadth of one is 50 feet 
and that of the other nearly half its length. The boundaries of both 
are very tortuous, and the edges are handsomely ornamented by a tasty 
rim which projects inward some inches. This rim is the lowest of three 
similar ledges, the water in the bowl having twice receded about four 
inches in depth, lea\ing each time a rim to mark its former position. 
These have been formed by the pulsation of the water in the follow- 
ing manner: Each convulsive throe of the liquid sends across to the 
edges of the bowl a wave which rises slightly above the general sur- 
face of the water and spreads gently over the sides to the distance of 
several inches. By evaporation a residue is left which forms a thin 
shelf which projects inward over the surface of the water. The edge 
of this shelf is kept almost constantly moist, but the rear portion is 
subjected to more rapid evaporation ; consequently, while tbe latter pre- 
sents a delicately-glistening surface, resembling clear white porcelain, 
the edge, being exposed to oxidation with less eva[)oration, forms an 
attractive fringe of red, caused by the precipitation of ferric hydrate. 
Pieces broken from the rims show essentially the same structure, being 
composed of layers of pink and white irregularly alternating. The tem- 
perature of these springs is much below the boiling point of water at this 
altitude, but the force of ejection is so great as to cause rapid and vigorous 
ebullition, which is no doubt facilitated, if not in some degree induced, by 
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the jireseoce of much Cftrbonic ftcid. Tbe water is very clear aad of an 
itziire tiot, which renders startling and impresoive the view obtained 
upon looking far down into its depths. 

In a somewhat quiet portion of the southernmost bowl, removed from 
t)ie immediate vicioity of the excessive agitation, there was found a 
^rhite aud reddish gelatinous substance, probably colloid iu part. In- 
terlaced or included withiu this are little globules of calciu carbonate 
tunned by the bubbling up of carbonic acid through minute orifices be- 
neutli the colloid body. At the edges of the bowl, where the carbonic 
iicid rises with less obstruction, little hollow fllmy spheres of calcic 
cnrbouate are formed, after the manner of soap-bubbles, which increase 
ill size by the union of several by attraction, until they become too 
heavy or non-cohesive to remain suspended, when they fall to the bot- 
tom eutire, or burst and scatter their component particles. Kot nnfre- 
(fncutly in this vicinity, these are found as hard, shelly globes, inter- 
mingled with the general texture of the ancieut spring deposits. 

In another portion of this bowl, also in a comparatively quiet spot, 
nre a few small clusters of a tough, green, fungoid form of growth, vig- 
orous and prominent. The real nature of this apparent anomaly and 
other nndesciibed inmates of these springs is as yet unknown. In com- 
mon with many of the latter, it possesses characters which wonld seem, 
at tirst sight, to define its position as a member of the vegetable king- 
dom amoug the lower cryptogamio orders, but there are other features 
wliich seem to place it more properly in the large and ill-defined groap 
of colloids. Ill either case, however, there is here presented a wide 
field for study in a little-understood subject, lu this connection may 
be mentioned two other forms which are not only found at this point, 
hut which are also more or less abundant iu a lar^ number of the 
sjirings throughout the Gardiner's River group. The first of these con- 
Msta of a collection of white, silky fibers, sometimes coated with a flue, 
t;ranular substance resembling sulphur, usually forming the bed of a 
shallow rill, through which quite warm water is flowing. The other is 
a yellowish -green substance found on the gravelly and rooky bottoms 
■' ' ■ ■' ... FJtli siliiii-ouM or i^aliiareouf* |i;irticl6s in- 
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the water, as was proven by the ornamentation of its walls. At present 
there is no visible outlet to this spring, though it may be in some way 
connected with the large bowls before described, and the same may be 
said of the freqnent long and deep fissures, which are not uncommon, 
in which the sputtering is continually heard, and from which a quantity 
of vapor is frequently seen to escape. Several other old spring holes are 
present, lined with numerous white crystals of exceeding beauty. 

The foregoing descriptions have been mainly confined to a review of 
the first seven terraces. 

Eighth terrace. — The eighth bench is raised but five feet above the 
seventh, and contains bnt a single spring, about ten by fifteen feet in 
diameter, and having not more than one-third the deptli of tlie preced- 
ing bowls. The water in this spring throbbed fitfully near the center 
to the height of a foot or more. About the edges there were a number 
of rather shallow evaporating pans, containing water at difi^erent tempe- 
ratures, in which were being deposited the most beautiful crystals, in 
wonderful variety, aggregated into masses of the most varied forms, and 
of several tints — brown, red, pink, white, and yellow. This collection 
of slowly-forming products of imperceptible ibrces is not the least im- 
pressive of the remarkable features of this little known region. Far 
abler pens than mine would fail to do justice to a scene beyond the power 
of language to describe, but one which can never be forgotten by the 
most careless observer of the workings of nature. In some of these 
pans there was a quantity of a peculiar reddish-brown fungoid growth, 
which apparently possessed the texture as well as the consistence of a 
colloid body. It is especially interesting on account of its rather definite 
form, which is fairly represented in Fig. 32. The uprigb t slioots are mere 
tubes, closed at the top, which seem to be distended, if not wholly caused, 
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Fig. 32. — A olump of a coUold (?) growth in eyaporatiDg-pans oa ei|;btb terrace, White 
Mountain Hot Springs. 

by the evolution of carbonic acid from beneath, and when taken out of the 
water they completely collapse. They are, however, sufficiently cohesive 
to enable small clumps to be dried, when they are very brittle, and crumble 
to powder unless handled with care. A comparatively large quantity 
of solid matter is attached to the under-surface, consisting of the vari- 
ous substances which would naturally be freed from the solution upon 
the liberation of the carbonic acid. Furthermore, a microscopic examina- 
tion of the dried gelatinous matter, softened and swollen by soaking in 
hot water, reveals no trace of vegetable organization, although green is 
not uncommonly a prevalent color. Add to all this the fact that no 
amount of steeping in ordinary hot water will suffice to raise the film 
with its weight of solid matter, as in the evaporating pan, (though the 
colloidal mass when freed from this encumbrance rises rapidly to the 
surface,) and there can be no doubt that the conformation illustrated in 
Fig. 32 is produced by the struggling of carbonic acid to free itself 
from beneath an obstruction of colloid matter, which probably origi- 
nates from the organic matter contained in the water. This organic 
matter may in part arise from the rocks through which the springs 
reach the surface, but we have already seen that much is introduced 
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into the bowls from without by the action of the wind and in other 
wiiys. Amidst so macU of noveity, and while closely studying the wou- 
(lerftil variiitions produced by very slight changes of coiidition, one is 
ahiiost overwhelmed with the hnodreds of interesting problems whiuh are 
coutinnally presented for solution ou all sides. It is, therefore, impossi- 
ble, within the limits ofasiiigleebapter, to record one-half of the interest* 
iiig observations made in tlie Held, much less to follow out the discus- 
sions to their legitimate eonclnsions in all cases. Ou this account, many 
iiu|iortaut features of this region must be omitted altogether, while 
utlier» can receive but a small share of attention in this report. Some 
subjects, which cannot be even alluded to in this chapter, will receive 
some consideration in another place, however. 

Before leaving the description of the eighth terrace, it will be well to 
speak briefly of some very striking results which have been produced 
by the action of water upon many of the deposits since the extinction 
of the springs. In some 'manner not necessary for our present purimse 
to investigate, there have been produced deep flssiires in the material 
of the l>enche8, and occasionally also quite large caverns have been left. 
The tatter are, doubtless, in some cased the relics of underground cham- 
bers belonging to some of the ancient springs. Wtienever these are 
brought to light, the trickling of the water which percolates through 
the superincumbent mass has formed huge masses of clear white stalac- 
tites of the most fragile nature. Whole masses of the adjoining forma- 
tion also present an appearance very difficult to describe, but not wholly 
imlike an immense aggregation of long acicular crystals joined together 
by cemeutatJOD into a loosely-Ubrous rock. This peculianty will here- 
after be referred to as the acicuUir structure. Sometimes this is not clearly 
deliued, when the mass presents more of an amygdaloidai structure, or 
an appearance resembling some kinds of cream candy which contain 
numerous uir-cavities within their texture. 

FROM NINTH TBEBACB TO UPPEE LUQT OP ACTIVE SPBtNGS. 

Aliiive this point there are many active springs, but they are as a rule 
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different composition; one clear with a dark-brown bottom, another 
with blaish water, and the third slightly yellow. 

Here the acicular structure l)efore mentioned is seen in progress, being 
caused by the gentle overflow from the small orifices slowly running oft', 
as it were, in lines. At one point a curved arrangement of the needles 
is induced by the meeting of the overflow from two adjacent orifices. 
The outlets of these three springs join a small rivulet coming from a 
point above, and the whole falls into a hole below and disappears. 

The white silky fibers previously noted, which closely resemble vege- 
tation, if they are not actually of such nature, are abundant in the out- 
flow from the long fissure. At the end of the ridge, half way down, these 
are covered by a thin streak of sulphur, which is deposited from a rill 
which here issues from an orifice in the side of the bank. 

Below the ridge, there are two extinct geyser chimneys above six feet 
in height. One of them is a mere mound, with a smaller chimney sur- 
mounting it, while the other is more regular and open from top to bot- 
tom upon one side. No evidences of recent action are present, and both 
are gradually, though slowly, becoming wasted through the means of. 
various weathering agencies. This action is, however, retarded in a 
measure by the irregular arrangement of the overlapping-plates of which 
the chimneys are C/Omposed. On the next bench above, a hot spring 
runs out of the bluff near the top, which contains much of the silky 
fibrous material,* and deposits of ferric hydrate are common in shallow 
places and at the edges of the bowl. This terrace is mainly a region of 
extinct springs, and many old orifices not now in action may be dis- 
covered by careful examination over the area. More or less of earth- 
quake action at different times is apparently indicated by the numerous 
stopped fissures which are especially prevalent in the small extinct gey- 
ser ri<lges and other similar elevations. The structure adjacent to the 
fissures is frequently more or less acicular, and sulphur becomes a prom- 
inent ingredient above the ninth terrace. Light incrustations of silica 
are sometimes formed about the smaller orifices, but it is seldom depos- 
ited in a pure state, being usually mixed with sufficient foreign matter 
to give it a dark color not pleasing to the eye. When quite pure, its 
component grains are nsually much finer and more closely arranged 
than in the majority of instances. The deposition of silica in all the 
springs seenis to mark the declining stages of action, and small extinct 
orifices are quite commonly filled with a rather fine-grained calcareous 
sand. 

On one old ridge at this height, (eleventh terrace,) there is an extinct 
shallow bowl four by eight feet, with two very small bubbling npriugs. 
Carbonic acid can here be readily detected by the taste, and the silky 
fibrous material is abundant. The orifices are evidently dying out, and 
the bubbling is very irregular, the action for a time (sometimes five 
minutes or more) being very vigorous, then almost or entirely ceasing 
for about the same interval. There were also two other openings within 
the rim of the extinct bowl, which appeared to have recently died out, 
as the sand was still moist about them. No stream issued from the 
acting orifices. The bowl occupies the summit of the ridge, and dry 
bathing-pools and evaporating-pans, in all respects similar to those pre- 
viously described, are ranged below on all sides as on the seventh 

"It is to be regretted that the det'OrminatioD of the nature of this substance was not 
more thorongbly made. The very limited time devated to this section, and that with- 
out aasifttaace exoejit in packing, rendered it absolutely necessary to pass hastily some 
of the most interesting features. It is worth recording, however^ that this substance 
is always more abundant in the presence of carbonic acid. 
H. Ex. 285 U 
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terrnce. lu tbe walls of some of tliese, boles were observed, some Iiav- 
iiig served as mere esits for the couteDts of tbe pools, while otbers, 
whicU extend downward Itom tbe outside below the bottoms of tbe 
tiil)s, doubtless gave rise to small springs at some time in tbe past. 

iiulow the ridge, on tbe tenth terrace, there are several hot spriuRS 
possessing a due share of interest, but none were noticed which difl'er 
-siitlieieutly from those already mentioned to require special description. 
These springs are mostly less active than those on the lower terraces, 
jiiid they do not ovci-tiow to a gi-eat extent, though a few are of more 
tliau average dirueusions. Grass is growing over the terrace quite 
gcneially. 

The twelfth terrace is a regionof greater activity, and in some respects 
it resembles tbe st-veiith terrace iu its developments, though tbe over- 
Jiow was by no means as gieat at the time ot our visit as at the latter 
locality. 

Dr. Peale particularly speaks of a great reduction in power and over- 
How on this bench which was observed between the summers of 1871 
and 1S72. I have no means of comparing accurately the status of any 
tiTiaceiu 1873 with that of tbe preceding years, but the overflow iu 1.S71, 
as reported by Dr. Peale, was certainly greater than when visited by 
us in J 873. Snchcomparisons will not be considerei! of much value, how- 
ever, when it is remembered that our knowledge of tbe causes upon which 
the supplies of beat and water are dependent, is extremely limited. 
Tbe " cooling-vat " structure is here well displayed, but it differs in no 
important particular from those previously described. Several promi- 
nent but not unique bowls occur at different points on tbe terrace, tbe 
various deposits and other products being no less interesting than those 
which have preceded. No mention lias heretofore been made of tbe 
occurrence of unmistakable vegetation iu not a few of tbe cooler springs 
throughout the district, in the form of green filaments of Con/ertoidir. 
Tliese are naturally more abundant in tbe little rills which flow from 
the springs, but they are also occasionally pi-esent within tbe bowls 
tbem selves, and sometimes iu water of a high temperature. That this 
tiilion is less common here than in other hot-spring groups, described 
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are more or less turbid. Sulphur is a prominent ingredient and silica 
is present in fair quantity. 

The thirteenth terrace is pre-eminently an area of fissures, there being 
several of large size, with many smaller. Occasionally these are now 
occupied by small springs, but the greater number are dry and show 
signs of great age, as we shall presently see. Most of the fissure 
springs are of low temperature; and, indeed, this is a characteristic of 
the whole series upon the thirteenth and fourteenth terraces. Thesprings 
themselves possess very few features of special interest, but a carelul 
study of the fissures in which they occur cannot but prove highly ad- 
vantageous in working out many of the present problems connected with 
the post- volcanic history of this section. It would be unwise to gener- 
alize extensively upon the few facts already obtained, although a num- 
ber of interesting observations were made which might seem to warrant 
more definite conclusions than are here expressed. 

The mounds are so directly the reverse of the fissures that a cursory 
view would not lead one to suppose that they could be in any way con- 
nected in their origin. A careful examination, nevertheless, reveals a 
degree of similarity in this respect which is quite surprising when first 
observed. The fissures very often extend through the axes of ridges 
similar to the mounds in general shape, and almost every mound, whether 
closed or not, shows traces of ^fissure-line (if I may use the term) along 
its axis, between the spring orifices, if any exist. These and other facts 
point to the conclusion that the mounds, however formed originally, are 
produced by the closing of fissures through the agency of hot springs. 
The whole subject deserves more careful attention than any one has 
been able to devote to it as yet. Some of the mound springs, though 
often quite small, are brilliantly colored and very interesting ; carbonic 
acid, as indicated by the sweetish taste, is often present in quantity, and 
iron and sulphur are common ingredients ; occasionally pools are formed 
on the sides of the mounds, and in one case an ancient pool now gives 
rise to a spring of some size, containing, besides a quantity of the silky 
fibers, an amount of the fnngoid substance referred to in connection 
with the large springs of the seventh terrace. 

Evidences of age, — The upper benches just discussed may be easily 
reached from the tenth terrace bj- following a well-worn trail running up 
the dry bed of a stream which formerly carried off the wast« water from 
the springs above. , Above the tenth bench there begins a fair growth 
of pines, many of which are sosituated with res^^ecttoancientspring bowls 
as to make it certain that they have grown since the extinction of the 
springs. Some of these trees, of the si>ecies Pinus fiexalisj are fully t hirtj" 
inches in diameter below, which, according to Dr. Parry, is equivalent to 
a growth of five hundred years. In the direction of the cliff to the left, 
and also partly upon the cliff' itself, (twelfth terrace,) there are much 
younger trees, now dead, appearing as if killed by the springs, some of 
which probably existed there at a more recent date. The evidence of 
the very great age of the larger portion of the spring-deposits becomes 
more marked and abundant as we go upward. The excessive weather- 
ing of the rocks, the thick accumulations of soil and detritus, and the 
heavy growth of very old timber, amply illustrate the truth of this 
statement. In one broad and extended fissure on the thirteenth terrace 
the vegetable mold has accumulated to a sufficient depth to allow of the 
growth of pines fifteen inches in diameter. Above the fourteenth terrace 
some remains of ancient springs were noticed, more or less obscured by 
the surface-formations and by the growth of trees, whose root« have often 
largely filled the old bowls. Still higher the deposits become more worn. 
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am), finally, tlie vegetable mold becomes so thick thatoDlyan occasional 
exposure of the spring-formation is seen, while the timber becomes so 
ik'iisely crowded as to render progress through it rather difficult. 

Bearing in mind the great length of time which must have elapsed 
after the extinction of the springs before vegetation could have covered 
tlie terraces, as well as the extreme slowness with which deposits of 
vegetable mold are accumulated, we arejustified in believing that at least 
one tliousaud years have passed since the complete cessation of activity 
over the upper or oldest terrace. It is, however, more than probable, all 
things being considered, that this era has extended over many times that 
|ifrio(I. If now we allow that all the spriug-deposits of the first twelve 
terraces, counting from below, have been formed during this latter epoch, 
(which is scarcely possible,) we shall certainlynotbeoverestimatingtbe 
antiquity of the volcanic outflows in this section if we regard their age 
us fnlly eight thousand years. To one who has had the opportunity of 
eicuiiiining this remarkable formation these figures will api>ear small in- 
deed, and I am myself convinced that a period of moiti than twenty 
thousand years has elapsed since the origin of the earliest springs iu 
tiiis section, at the very lowest calculation consistent with all the facts 
ihus far collected. 

The couiposition of the products of the springs of this group is not 
dilticult to explain if it he true, as there is every reason to believe, that 
a thickness of hundreds of feet of the limestones of Carboniferous age 
utiderlies a jwrtion at least of these deposits. The general structure 
exhibited in Fig. 29 is ideal only as regards a portion of the sectioji, 
and sections observed farther to the nortb are reported by Drs. Hayden 
and I'eale to reveal fifteen hundred feet of the Carboniferous beds in the 
same relative position as here indicated. Although not positively ascer- 
tained, few indeed will be disposed to doubt that the springs originate 
in the eruptive rocks, and this wonld cause the water to reach the sur- 
face by passing through the limestone, dissolving it in its course and 
depositing calcic carbonate as its principal ingredient. 

miibtenanean passage. — Not far from the upper limit of tlie spring- 
loinied rocks, quite near the trail, which (lasses higli up through the 
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sloping floor, covered with a thick deposit of vegetable mold, which 
was carpeted with undecayed pine leaves and the smaller branches. 




Fig. 33. — General section through cave left by extinction of a hot spring at White 
Mountain, Gardiner's River. 

a, a, surface contour, showing ancient pool ; b^ entrance ; c, chamber ; d, dcsceufling 
channel, transverse section ; e, remains of a bison; o, passage into cavern, (not quite 
as large as represented in the cut.) 

A section taken along any given line fails to coavey an adequate idea 
of the extent and irregularity of this subterranean channel. 

The passage or constriction between c and rf, Pig. 33, leads also to a 
larger chamber not represented in the cut, which communicates more 
directly with the descending channel, d. It is probable that a careful 
exploration will reveal one or more external openings, through which 
springs have once issued, in addition to the one already described. In 
support of this opinion, not verified for want of sufficient time, it may 
be mentioned that much more light enters the larger chamber than 
would seem possible if the one entrance (o) discovered were its only 
source of supply. Some interesting deductions may be made from the 
structure of this cavern, the more important of which are reserved for 
use in chapter XIV. In this place it need only be remarked that the 
observed features point very clearly to the existence of one or more hot 
springs in this section in very ancient times which received their supply 
of water through these underground passages, and which obtained the 
substances deposited from this water by direct solution of the material 
of the surrounding walls. 

At the farther side of the chamber c, near the foot of the sloping floor, 
^, (Fig. 33,) I discovered the skull and other bones of a bison {Boh America- 
nus Gmelin,) of such size as to render the question of the manner of its 
entrance not an easy one to solve. The relative position of the bones, 
(which did not appear to have been disturbed since the death of the 
animal,) as well as the general position and posture of the whole, seemed 
to indicate a certain amount of choice on the part of the individual, from 
which I conclude that the animal did not die before reaching the bottom 
of the cavern. This also confirms me in the opinion that there are 
other external openings to this series of chambers, for I am persuaded 
that DO animal of this size could fiill into the opening {b) without one of 
two resnlts: either he would be able easily to extricate himself, or, if 
too severely maimed, he would remain wedged into the narrow passage 
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('() niitil death ensued. la tlie latter case, tbe carcass woald uot fall 
until 80 far decomposetl as to iirevent it from reaching tbe foot of tbo 
slope entire, and it is highly probable that the head or some other por- 
tions would remain outside. The conclusion seems natur:)], therefore, 
that this animal in some way fell tbrou}!;h a larger opening, perhaps 
into tbe adjoining chamber, from which he passed to the chamber c, as 
the one nearest the surface, trying to force his way through the passage 
{It,} until death 6Dally came to his relief. All tbe bones found were well pre- 
served, but, in common with tbe surrounding objects, they were covered 
nith mildew. From tbe fact that they were well imbedded in the soil, 
it is uot probable that the animal hitd perished wilbin a number of 
years, though certaiuly very much later than the extinction of the 
springs. 

The dampness of the air within tbe cave will be inferred from the 
growth of mildew and its allies, but very little water gains an entrance, 
iind this by percolation only. As a consequence, a stalactitic growth 
takes place very slowly in a few spots over the roof. 

This cavern is situate*! on the highest and most aucient hot-spring 
terrace, which is adjacent to the outcrop of trachyte forming the high 
timbur-clud ridge above. This terrace is the fourth or hfth, at least, 
above the fourteenth or highest bench now containing active springs. 
It is very diflicult to determine the exact number of the extinct benches 
on accouut of the thick growth of timber and the partial obliteration of 
the ancient contour of the surface by the various eroding and other 
agencies. 

In leaving a subject of sucb great interest as that which occupies so 
large a part of this chapter, it may not, perhaps, be considered wholly 
out of place to reiterate a portion of the authors views on the benefits 
to be derived by.seience from these aud other works of nature, within 
the limits of the tract reserved by the Forty-tirst Congress under the 
name of the Yellowstone National Park. These remarks, as given 
below, are quoted from an article which appeared in the number of the 
American Naturalist for February, 1874.* 

"It is a remarkable fact that the springs in different localities are 
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" And yet this remarkable section furnishes bnt a small portion of 
the attractions of the Park to the scientific observer. Hot and cold 
springs, mnd-volcanoes, fiimaroles, solfataras, and geysers ; rapids, 
water-falls, and torrents; deep-cat canons and craggy peaks, abound in 
every direction ; lakes, gorges, and cataracts surprise one almost at 
every turn, and the whole is situated at a point where Hhe grand Rocky 
Mountain system culminates in a knot of peaks and ranges inclosing 
the most remarkable lake-basin in the world. From this point radiate 
the chief mountain-ranges, and three of the longest rivers of the conti- 
nent — the Missouri, the Columbia, and the Colorado.'* 

''These being preserved by act of Congress, the earnest student of 
nature will always find an abundance of fresh matter for research in 
nearly every department of science. Here he will find ready to his 
hands a laboratory of physics in which he may observe on a large scale 
the action of the various forces of attraction and repulsion, and new 
illustrations of the correlation and conservation of energy cannot fail 
to attract his attention. He will find the laws of crystallization ex- 
emplified in forms novel and instructive, and will, doubtless, witness 
many new and varied phenomena of heat, light, and electricity.t 

"The chemist will interest himsfelf in problems of analysis and syn- 
thesis, in the ])rocesses of solution, condensation, and evaporation, and 
the chemical changes incident thereto. To the botanist and the vege- 
table physiologist the field is open for observation and wide experimen- 
tation, but there exists even at this great altitude a store-house of fa^ts 
bearing upon the distribution and fertilization of plants and the almost 
indefinite related subjects. The zoologist and the student of compara- 
tive anatoraj' may also hope for rich rewards in but partially explored 
fields, and the meteorologist, astronomer, artist, and physician may each 
find here full employment for his peculiar talent. Speaking from a 
geological standpoint, 1 can, from my own experience, promise the 
enthusiastic student of our earth's history a view at once so complete 
and so overwhelming as to enchain his whole attention." 



CHAPTER XI. 

THERMO-DYNAMICS, CONTINUED-DESCRIPTIOX OF HOT SPRINGS, CON- 
TINUED. 

IX. Prairie Gronp, Warm Sprinij Creek — X. Silica Jets on branch of Warm Spring 
Creek — XI. BrimHtone Group — XII. Hot Sprin^H on East Fork Madison Kiver — 
XIII. Prominent bowls of Lower Fire Hole Valley — XIV. Half- Way Group. 

Eeturning to Camp 41, on the East Fork of the Yellowstone, the train 
then proceeded southward along the left bank of the main river, after 
crossing by the Miner's Bridge, a substantial structure which spans the 
torrent not far above the entrance of East Fork. No prominent groups 
of springs are met along our trail until the vallej' of Warm Spring 
Creek is reached, more than twenty miles farther up the river. The 
existence within these limits of three groups, including fifteen bowls, is, 
however, reported by Dr. A. C. Peale in his report for 1872. These are 

* ** Wonders of the Yellowstone/' edited by James Richardson ; *' Illustrated Library 
of Travel, Exploration, and Adventure," edited by Bayard Taylor. New York : Scrib- 
ner, Armstrong &, Co., IS73. 

t Some interesting observations of others are quoted in the article from which these 
remarks are copied. 
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located near the western edge of the Grand Cuiion, at the sontheastem 
l>ase of Moniit Waahbiiroe, and, conswiuently, at some distance from 
(inr trail, which passed to the westward of this point, to avoid recent 
obstructioDs in the old path.* lii the same volume, Doctor Peale also 
desciibes one or two interesting collections which he visited upon a 
strcRin to which the name of Violet Creek was given. These springs 
were not passed by Captain Jones's party, but a glimpse of them was 
obtained by myself while making the trip from Cascade Creek to the 
Geyser Basins of Fire- Hole River one day in advance of the train. The 
I'onte then pursned variinl in some res|>ect8 from that followed afterward 
by the main party, being less direct and bearing well to the southward, 
when these springs were seen in the distance. Even the imiwrfect 
view thus obtained was sufficient to enable one to judge that the group, 
:is a whole, possesses featui'es not less interesting than those of any 
uther collection within the limits of our reconnaissance, and this opinion 
is substantiated by the report of Dr. Peale, who describes them as " an 
important group,'' and mentions some very striking i>ecnltHrities in cou- 
nt-ution with them, t 

IX.— WARM SPHIXa CBEEK, OB PBAIRIE GBOl'P. 

A short distance above the rapids, which occur above the upper 
liills, two streams enter the Yellowstone Hiver nearly opposite each 
other. The one flowing from the right bank is named Sour Creek upon 
the map of Captain Jones, which also forms the basis of the colored 
geological map accompanying this report. 

Warm Spring Creek, rising near the divide between the waters of the 
]Madison and YellowstoDC Rivers, enters from the left bank just below 
the collection of hot springs known as the Crater Hills Group. (Group 
IV, ante, chapter IX; see also Fig. 16.) The valley of this stream is 
rather narrow, bat maishy, the descent being comparatively slight for 
some distance above the junction of the creek with the river. 

The blufil's upon both sides for the distance of a mile or more are 
clothed with a thick growth of timber; but above this a wide espansi 
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pendent, not only upon dissimilar geological stractare, bat also very 
largely upon variations in tbe intensity of the subterranean forces. 
The structure at this point is almost identical with that along the banks 
of the Yellowstone, in the neighborhood of the salses ; but the deposition 
of sulphur is here more abundant in proportion to the size of the springs. 
In general, the bowls may be described as sputtering fumaroles, though 
there are a lew fair-sized pools from which little or no vapor ordinarily 
escapes. The clearness of the water, compared with that usually 
present in springs emerging from the old lake-deposits, and the marked 
absence of mud-bowls, is a matter of some surprise to one who has pre- 
viously visited the gi'oups which lie in similar relations to the lacustrine 
formation. This seeming discrepancy may readily be understood, how- 
ever, by referring it to the comparative feebleness with which the 
water is ejected in most of the members of the Prairie Group. 

^o new products, structurally or chemically considered, were here ob- 
served, nor were there forming any deposits of sufficient extent to merit 
special consideration. 

The presence of iron is leas apparent in the coloring of the products 
than is often the case, but the constancy and rapidity of the outflow of 
the water, though in comparatively small quantities, is sufficient to 
account for the absence of such indications. At the same time the 
small amount of special deposits formed by precipitation from the 
water after it has become condensed by cooling, points to the conclu- 
sion that the solution of the subterranean rocks is less complete than in 
many localities. 

Another important collection of thermal springs occurs two or three 
miles farther up the valley of Warm Spring Creek. These were just in 
view from the point at which we (Mr.Oreary and myself) turned south- 
ward, away from the creek, but the trail of the main party passes the 
group at no great distance, if 1 am not mistaken. 

The water which flows from them remains quite hot until it has 
reached a point lielow our crossing. 

The valley has been cut down to the underlying igneous rock at oar 
ford, and the clear water passes over it in a broad shallow stream. So 
far as we were able to ascertain, the prominent springs of this upper 
group emerge from the volcanic rock. Quantities of vapor were ascend- 
ing from the locality at the time of our passing, which was not far from 
3 p. m., (August 22.) 

X. — BOILING SPRINGS NEAR SOURCE OF WAR3I SPRING CREEK. 

After crossing Warm Spring Creek, we pushed on in a southwesterly 
course for several miles, until a severe storm of wind and rain (we had 
been all day exposed to a cold, drizzling rain) forced us to take shelter 
upon the lee sideof a forest. Aftera time we were able to proceed, when 
we soon struck a trail (Barlow's, 1871) for which we had been searching, 
which led us near to the source of the creek. By leaving the trail at a 
point where it turns to make a considerable detour, we made an advan- 
tageous cut-oft*, not impracticable for riding animals, and quickly 
reached an interesting group of springs, in the neighborhood of which 
we spent the night. 

The train camped here on the following daj', making Camp 4-1. 
The stream on which these hot springs are situated probably comes 
from cold springs some distance above, a number of which also add to 
its volume from along its sides in a meadow above our camp. Here it 
also meet« with a number of hot springs, which, with the contributions 
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from the oumerons boiling springs below, soon render the water excess- 
ively liot. This npper meadow is partially separated from aoother in 
wliit-b we were camped, by a ridge of trachyte, which has been cut 
through by the stream. 

Ttie springs are scattere<1 along both sides of the creelt above aud 
lielow, but the most powerful and interesting bowls occur near the edge 
of t tie curreot, on the left bank, just within the lower end of the short 
l)as!i or gorge. This set of jets, as they have been called, is the nearest 
:il)proacb to geysers that we have yet noticed, and, in the ordinary 
acircptatioii of the term, it wonld not be improper to designate them 
tints, but it will be more convenient and, for our purpose, more correct 
to describe them under the present head. We will therefore cousider 
them merely as spurters, a kind of highly active boiliug springs In 
whkh the water is thrown to a considerable height, but in a manner 
differing essentially from the eruption of a true geyser, even when the 
latti'i' is in a state of constant activity. This distinction is one of not a 
little importance, but, as it will be found more clearly defined in the 
'rliapter partly devoted to the discussion of the general subject of the 
iiot springs and geysers, (chapter XIII,) no further attention need be 
^iveu to it in this place. 

These springs vary in size and intensity from furious boiling pools, in 
which the water spurts but an inch or two, to those in which it is thrown 
to It height of more than twice that number of feet. One bowl in par- 
ticular, the largest in the group, is ptirtly snrroundetl by a chimney 
nearly live feet in height, aud the water is occasionally thrown to a 
height of more than six feet, so as to pass completely over this rim. 
The contents of this bowl are continually agitated, and the constant 
!iut irregular thud of the successive impulses reminds one vividly of 
the sonnd produced by tlie dashing of the water on a rock-bound coast. 
The chimney is open on the side next the stream, tbns allowing tbeover- 
llow to pass off freely in this direction. It is difficult to imagine the 
building up of such a compact aud regalar wall by the mere accumula- 
tion of solid particles derived from the evaporation of the ejected solu- 
'lunilaut and quite conclusive upon this 
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chief and most characteristic ingredient throaghout is silica, of which 
the chimneys are mainly composed. 

Were we to classify these jets according to the character of the de- 
posits alone, their place would undoubtedly be among the geysers, for we 
find here not only a composition nearly identical with that of the products 
in the Fire-Hole basins, but even the peculiar structure of the geyser 
products is very closely imitated in the formations about the bowls. 
About some of the smaller jets clear white deposits of the most beauti- 
ful geyserite are formed, resembling porcelain beneath, with an upper 
surface of delicate tracery or of coarser excrescency, according to the 
force of the falling water. Sometimes a glistening pink surface is dis- 
closed by the fracture of the rougher incrustations, which are usually 
of a light-brown colpr. Manganese in the form of i)yrolusite (manga- 
nic dioxide) is extremely abundant as a coatiug to parts washed by the 
outflow and by the falling spray, as well as on i)ortions of the interior 
walls of many of the bowls. Iron is not scarce, being more particularly 
present exteriorly, where it gives rise to the brown and pink colore 
which are visible in the siliceous crust, and it is noticeable that the 
growth of green cryptogamic vegetation in the water is especially abun- 
dant in those spots where iron is most common as a deposit. The pro- 
portion of this ingredient is, however, not as great as in many sections,^ 
the trachyte being lighter in color in consequence. 

The following description of specimens obtained from this locality 
will serve to explain the special features observed: 

a. Igneous rock from the wall of the gorge, a part of the ridge 
through which the stream has been cut. This is a trachyte of a pur- 
plish tint on a surface of fracture and weathers light-colored. 

b. An incrustation of sHiceona sinter or geyserite, formed about the orifice 
of a small jet. The water, falling as a coarse spray, has produced upon 
the upper service a peculiar kind of ornamentation almost impossible to 
describe, but which may be compared to a quantity of brown beans, 
partly imbedded in a rock. 

c. Piece broken from the channel of the same jet, where the water flowa 
out. This is coated with a dark yellow incrustation caused by the ad- 
mixture of sulphur (!) and ferric hydrate, and is very largely composed of 
manganic dioxide, which give it a soft earthy texture. 

d. Small island-masses standing in the bed of the outflow from the 
largest jet. The top is covered with relief work not unlike a cauliflower- 
head in general appearance, but more deeply indented, formed by the 
action of the returning water as it falls from the jet. The upper por- 
tion of the side is coated with black, (possibly a sulphide,) and the 
lower portion is covered with a considerable deposit of aluminic hydrate 
and ferric hydrate mixed (bauxite) of a light coffee-color. A section 
shows that the whole is composed of a rather irregular alternation of the 
three minerals geyserite^ pyrohtsite, and bauxite, there being no mixture 
of these at any point, on acccmut of their different specific gravities. 
The deposition of the bauxite and pyrolusite at the sauie distance 
from the jet, therefore, indicates some variation in power at different 
times.* The siliceous sinter, or geyserite, which comprises the greater 
portion of the mass, is compact and glistening and rather dark in color* 

e. Portion of the outside of the rim of th6 lower or open side of the 
largest jet. Here the surface is exposed to the combined action of the 
overflow and the falling water; hence the mammillary excrescence is 
coarser and less regular, while the flowing oft* of the water has produced 

* In some cases the depositiou of the manganic dioxide is undoubtedly induced by 
the presence of foreign organic matter, (as wood, &c.) 
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much the same features as io specimen c, tboiijrh on a much larger 
scale. Pi/rolusite is prominently present as an incraKtntinn, bat it does 
not accumulate on surfaces exposed to the n-asbiog notion of the water. 
/. Fragment of soaked wood taken from the water at the ontlet of 
the largest jet. This does not show signs of .silicitication after months 
of exposure to the air, (from August 23, 1873, to September 17, 1874,*) 
rboiigh it bad previously become softened aud thoroughly permeated by 
the hot litjnid. Its color, as at first, is now a light brown, and it has 
become toughened by drying, witbont, however, increasing in brittle- 
ness. 

g. Earthy moss obtained from beneath the water in the stream below 
tite largest jet, originally formed as an incrustatiou upon a small brauch. 
The impression of a portion of the wood is left as a groove in the lower 
side. A deposit of pgrolunite was first formed, but this is now covered 
by an accumulation of bauxite, one-qnarter of an inch in thickness. The 
upper or outer surfUce is ornamented slightly by annular grooves. Here 
again we have evidence of a change in the force of ejection of the same 
nature as recorded under d. The deposition ofalttmina (as bauxite) in a 
spot previously characterized by the precipitation of pyrolusite. indi- 
cates a dimimition of intensity since the epoch of the formation of the 
black coating nt this point- 
There caa be but few subjects more interesting or more promising of 
rich results in the investigation, than the tracing of the numerous hot 
springs through their various products back to their origin in the igneous 
rocks. In the present case, we need go no further than the immediate 
vicinityof the group for eruptive material which contains all the mineral 
ingreitieuts of the spring dei>osits,so that we may bejustified in Itelier- 
ing that the source of these bowls, so far, at least, as their products are 
concerned, is not far distant. The source of the heat and other possi- 
ble forces concerned iu the movement of the water, is, however, quite 
:niotber question, aud one which can only be answered after a careful 
review of ail the facts, and a comparison of the features and (iheuomena 
of a large numl>er of widely-separated springs. 
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much reason for the belief that all are more closely connected with the 
Yellowstone slope than with that of the Madison Eiver. A large bnt 
not rapid stream passes off from the neighborhood of the springs, which 
is probably the main sonrce of Warm Spring Qreek, the outflow from 
the silica jets being more properly considered a branch of this. A sul- 
phurous pond not more than one-quarter of the size of Turbid Lake is 
situated near one side of the group, lying some feet above the flat on 
which roost of the spriugs are located. Some vapor was arising from 
a few of the orifices at 8.30 a. ra. on the twenty-third of August, but 
signs of previously greater activity were appareut. It is therefore prob- 
able that these spriugs are subject to periodical ogitatiou, though no 
facts were elicited which could aid in determining the intervals between 
eruptions. 

The time spent in this locality was not sufficient to allow of much care- 
ful work, and the nature of all the products was consequently not ascer- 
tained ; sulphur, however, is the principal ingredient, being probably 
produced here in greater quantity than in any other portion of the 
National Park thus far descril>ed by the several authorities. There are 
some bowls of considerable size, but the most striking feature of the 
whole area is the occurrence of a large number of small orifices, in 
which the water bubbles constantly, giving rise to deposits of crystal- 
lized sulphur, which are formed upon the walls of nuuM^rous cavernous 
incrustations. The various interesting effects produced by the action 
of sulphurous water and vapor in other sections are here displayed on 
a scale of some magnitude, whenever the necessary conditions are 
present. 

The pond and some of the larger bowls occur in a spot which con- 
tains a few feet of limestone deposits as a surface formation, while the 
solfataras emerge more directly from the underlying tracliyte. The 
whole group is, perhaps, one hundred feet above the level of the jets 
described in section X. 

Local deposits of ferric hydrate were observed, but nothing was seen 
to indicate the deposition of manganic dioxide a^ a prominent deposit. 

In the midst of the dense forest, about half a mile beyond this group, 
the trail passes partly around a small lake of clear fresh water, not in 
the least unpleasant to the taste. Its size, late in August, was not less 
than forty rods in diameter, and the signs of water action extended for 
some distance up the steep slope of the gravelly beach, showing that it is 
much larger at times. I could perceive no outlet, and it is not impossible 
that it has underground connection with some of the neighboring hot 
springs, although it is lower in position than the Brimstone Group, I 
think. 

XH. — HOT SPRINGS ON EAST FORK OF MADISON RIVER. 

Heavy deposits and other evidences of the former existence of springs 
over a portion of the area drained by the East Fork of the Madison and 
its tributaries,* occur abundantly along our course, which also here dif- 
fered somewhat from that afterward taken by the train. Ko active 
springs were observed of special importance until a prominent group, 
on the left bank of the East Fork, was reached shortly before entering 
the Lower Geyser Basin of Fire-Hole Eiver. There are, however, a large 

* Oa the maps, two streams flowing into the Madison River are named alike (East 
Fork.) That referred to thronffhoat this report is the more southerly, which has re> 
ceived the name Uayden's Fork from members of the expedition of 1872, though this 
appellation has not become general. 
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iiuinber of tbermal Hpritigs, more or less isolated, in the valley of East 
Fork, whicli we could not stop to examine, while the existence of otUers 
is iudicated by the aniouiit of bigbly-heated water coDtaioed in the 
Ktream. 

Judging from the aceouDts of other members of the expedition, as 
well as from the pnblished reports of Dr. Hayden and others, we prob- 
ably missed many of these by passing in a nearly direct line through 
the timber for some distance before stiiliing the river. 

In the group just oientioned there are more than a dozen large and 
inportant bowls, some of which are vigorously active, approaching even 
li> the smallest geysers in the force with which their contents are 0(:ca- 
sionaily ejected. At the time of my visittotbia locality,(3 p. m., August 
li^t,) the activity was not as great a« is sometimes the case, for there 
were signs of recent overflows much more extensive. Very little vapor 
was then ascending from the spot, but dense clouds were afterward 
given off. The springs vary in size from mere orifices less than an inch 
ill diameter, to deep jjpwls having circumferences of from thirty to 
forty tfeet. 

There is considerable variety in the phenomena here exhibited, some 
of the larger bowls being comparatively qaiet, others almost incessantly 
boiling, though quite regularly, while others sputter, and even eject the 
water in jets. M3esides these there are not a few seething solfataras, 
and the contents of one bowl alternately rise and fall in connection with 
excessive ebullition. Some of the springs have no rims other than the 
adjacent soil, but the majority are ornamented in various ways, several 
being provided with raised chimneys of no great height. 

Here again we find the geological strncture not widely different from 
that observed in the neigliborhood of the Yellowstone Lake at the Tur- 
bid Lake Group, (I, chapter IX,) with, perhaps, a much smaller propor- 
tion of alumina in the uncompacted surface- formation. As a consequence 
of the latter feature, silica predominates in the products of this section. 
Iron and sulphur are also present in snfBcient quantity to give charac- 
ter to some of the highly-colored deposits, and the latter is found lining 
the interior of many of tbe smaller orifices in the form of delicate yellow 
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a. Hard and compact trachyte, with a crypto-crystalline texture ; 
underlaid by, 

b. Quartzose trachyte, (f granitic rhyolite, or nevadite^ of Eicbthofen ;) 
which covers, 

c. Obsidian; above 

d. Volcanic breccias, &c. 

XIII.— SPRINGS IN LOWER GEYSER BASIN, FIRE-IIOLE RIVER. 

Just beyond the locality of the last described group, a sudden turn 
to southward brings us quickly in sight of many more hot springs and 
geysers belonging to several more or less connected clusters which 
occupy a large area in the lower valley of the so-called Fire-IIole Kiver, 
covering the district now commonly known as the Lower Geyser Basin. 
The highly-interesting phenomena of the geysers in this section claim 
such a great share of the observer's attention that the many non-eruptive 
springs may readily be overlooked unless some special attention is 
devoted to them. In attempting to describe the more important of 
these, we are met at the outset with the difficulty of drawing a close 
line of separation between the hot springs and the geysers. This sub- 
ject will be discussed, however, in its proper place, and we may proceed 
without present delay to take up here such of the bowls as do not 
properly come under the head of geysers, as defined at the close of 
chapter XIII, 

The remains of ancient, extinct springs are quite as abundant as the 
deposits of recent formation, covering as they do portions of the igneous 
rocks of diflFerent ages in the neighborhood of the basin. Not a few of 
the active springs now occupy the summits of mounds whicti have been 
built up by former geysers; and the present bowls of such represent 
the last stages of the warring subterranean forces. 

Upon entering the Lower Geyser Basin, we first crossed a broad, flat 
tract, clothed with a rank growth of grass, except in spots subjected to 
inundation by the overflow from the hot springs and geysers during 
the flood-seasons.* Some hot springs have previously existed in cer- 
tain portions of this tract, and the evaporation of their contents when 
spread over the surface has left, impressions of some interest, though 
n|)on a scale of no great magnitude. In a series of quite shallow pools 
thus formed on the plan of the evaporating-pans of Gardinei-'s River, 
the ornamentation and other peculiarities of that region are very closely 
imitated, while fine examples of mud-cracks are shown in those which 
have been so recently produced as not to allow of the accumulation of 
a deposit of sufficient thickness to conceal the soil beneath. Silica is 
the principal ingredient of all the bowls of this basin. 

Extinct geysers. — At the edge of the timber, near the flat, there is 
a sluggish spring, which issues from the center of a conical geyser- 
mound four feet in height. By the unequal degrees of evaporation in 
various parts of the outflow, the top and sides are streaked with shades 
of red and yellow, which give the whole an appearance very striking, 
but not suggestive of an agreeable object; for it forcibly reminds one 
of an ulcerous discharge from a putrid sore. The mound is the accu- 
mulation of a geyser long since extinct, and the deposits from the subse- 
quent spring have nearly closed the orifice, so that the present discharge 

* There is no lack of evidence here, as elBewbere, both ia this vailey aud iu otuer 
psrta of the National Park, that the amount of the outflow has been receutly much 
more abnndant. The term ^^flood-aeasons" is used here to desiguate the period of such 
increasei witbont regard to the actual times of such occurrences, or the causes by 
which they nave been produced. 
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ia mneh reduced in quantity. Tbo vivid colors are prodaced by the 
precipitation of ferric tiydrate and a small aiuoaot of aulpfaur apoa a 
white ground produced by accumulations of silica and calcic carbonate 
with more or le»B of the commou impunties. 

From this point southward, after crossing a small stream coming in 
from the east, the surface is covered with a fine c»lo<ireous saud, through 
which progress ia made with some difBculty, and this is succeeded by a 
.similar loose detwsit, with a thin crust not tlrm enough to support the 
WL'ightof aridiug-aiiimal. Continuing this course, a low, broad, mound- 
shaped hill is ascended, upon which there are several geysers not to be 
diiitinguished by casual observers from hot-spriug bowls, except when - 
seen in 'action. Upon one side of the emiuence over which the greater 
portion of the drainage passes, the bathing-pools and evaporating-pans 
of the Gardiner's River Group are represented on a reduced scale, and 
several small springs of no special im]mrt»uce emerge in their vicinity. 

Mud-caldron. — Back of this group of geysers, in a hollow of the ridge 
to which they also belong, there is a large nnul-caldron in a state of 
violent agitation. 

The contents consist of a thick, pasty mud. of a great variety of colors, 
from clear white tu the most brilliant red. The surface of the spattering 
mass is several feet below the edge of the bowl, and the interior of the 
pit thus formed is lined with red, blue, and yellow de|>osits, caused by 
the clingiug of the mud which is spurted fitfully upon the disruption of 
many viscous cones temporarily formed by the resistance offered to the 
ejecting force. The shape of the pit is irregular, approaching the cllip- 
tieal, with a depth of three or four feet and diameters of about tbirty-fivc 
and sLxty feet-. The mud is composed of a rather streaky mixture of 
siliceous, calcareous, and argillaceous material, with the not nnoommou 
Cimcomitants from which the deep red and yellow colors are derived. 
Uwing to the constaut and excessive agitation of this material the union 
of tlie ingredients is more complete than in many of the mud-lmwls, and 
tlie colors are consequently more nearly blended into one. The boiling 
takes place over a large surface, i>erhaps more vigorously near one side, 
ruall cOnes or jmEFs are raised temporarily at each center of ehuili- 
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distant, there is a group of powerful geysers among which occur several 
bowls less evidentiiy eruptive in character. As a rule, the latter do 
not, apparently, contribute a notable amount of waste liquid to the gen- 
eral outlet of the group ; but in one or two cases the overflow is very 
considerable, if not even equal to the ejections from some of the larger 
intermittent geysers, owing to the constancy of the flow. One of these 
thermal springs is much more feeble than it has been at some earlier 
period of its existence, as is evident from the dryness of a large bowl 
at the surface, below the bottom of which the present spring is boiling 
with a marked resonance. Kot fiir from this is a pool in which the 
water bubbles constantly over the greater part of the surface, but boils 
flercely near the edges, as if struggling to free itself from beneath a 
projecting rim. Another, near the last, has been a powerful geyser at 
some time in the past, for it is surrounded by the peculiar stalagmitoid 
prominences, so commonly produced by the water as it falls to the 
ground after its ejection. The pools about the bowl were quite dry at 
the time of our visit, but it is quite possible that we have here a geyser 
in which the eruptions occur only at long intervals, as in the Giantess, 
elsewhere described, (chapter XIII.*) 

Above all of these springs there is a large and deep bowl filled with 
hot, but not boiling, water, and there seems good reason for the belief 
that this is not a geyser, in the fact that it contains a quantity of a 
brown colloid substance, which could not thus accumulate in pools sub- 
ject to periodical agitation, unless the dormant intervals were extremely 
long. But again, the water in this bowl is constantly pouring over the 
edges in a steady stream, though not in excessive quantity. It is pos- 
sible, it is true, that there may be some undergrouud connection which 
furnishes direct communication between this spring and one of the 
neighboring geysers, but such a passage is not clearly apparent in any 
way. The so-called colloid matter is occasionally found incrusting bits 
of wood and other similar bodies floating in the water. In such cases 
it is often almost or quite crystalline in texture, a result which may, 
perhaps^ be induced by contact with organic matter. A Coleopterous 
and a Neuropterous insect were taken from the water of this bowl, and 
others were found in similar situations in other localities. 

South Branch. — A short distance west of the White Dome Geyser the 
main creek is formed by the junction of two forks; the cjluster above 
mentioned being located on what may be termed the North Branch. 
For convenience of reference, the main stream will here be designated 
as White Greek, a name suggested by the prevailing color of the depos- 
its along its sides. The South Branch, besides the geysers which largely 
supply it, receives the contributions of a number of thermal springs in 
addition to such bowls as are of doubtful nature. A few are deserving 
of a fuller notice than can be given in this place, although their i)ecu- 
liar characteristics are mainly the results of combinations of features 
already described. One who has never remarked the marvelous variety 
which is not seldom produced by very slight changes in the relations of 
parts or in the occurrence of physical conditions, can form no adequate 
idea of the great diversity of delineation which is here displayed. 
There are springs with ornamented borders and springs which are 
mere hole^ in the ground filled with water; some are deep, with azure- 
tinted contents, while others are almost forbidding in their aspect, 
reminding one of nothing less disgusting than a tub of sloppy liquid. 
In some, delicate rims of their own deposits project inward over 

* See Unknown Geyser, chapter XIII, 9. 
H. Ex. 285 15 
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tfae surface of the water; others are provided with margins no leea 
li-a^ile whicb prciject upward as fringiDg reefB, aud not a few are 
hfiiitned iu by stoat walls of coarser compositiou. There are tliose with 
deep pit«, in which the water bubbles, or gurgles, or roars, or simmers, 
or sjiuttera, or siiurts, and there are quiet bowls, »teadily-flowiug spriugs, 
and fitful pools. The character and' composition of the deposits, the 
wonderlul variety and combinations of their colors, and the nunierotis 
conditions under which they have been accumohited and distiibuted, 
have resulted iu the production of effects impossible to describe, never 
to be justly interjireted by the most skillfal artist. Such, in tUct, may be 
said of each prominent collection throughout the whole district of hot- 
spring action, no less truly than of the South Branch cluster, which is io 
some respects exceeded by many of the groups already described. Our 
]iassage through this portion of the basin was too rapid to allow of much 
detailed observation, and a very imi>ortant cluster of geysers and ther- 
mal springs ou the main trail, at the junction of White Creek with the 
Fire- Hole River and below, was necessarily left uuexamine.d. 

Desiring to reach the uitper basin as early ns possible, we pursued as 
direct a course as practicable through the timber to a point ou Fire-Hole 
Itiverhalf-wayto the next group of springs, (XIV,) thussaving very much 
in the distance by the usual trail. In the forest an occasional spring was 
passed, and the remains of extinct bowls were not uncommon. In -some 
places fallen timber is quite abundant, bnt the greater part of it lies in 
one general direction, so that progress along that conrse is not seriously 
ini|ieded. Upon the higher lauds, however, itisalmost impossible to make 
headway against the obstructious of this nature, which are thickly strewu 
over tUesurfacein inextricable coufusiou,aud one is forced to follow closely 
the scai-cely less objectionable course marked out by the low marshy 
border of the Fire-Hole Kiver. Less than two miles above, the stream 
runs through a narrow cauou iu the volcanic rock, which i-enders travel 
less ditHeuit for a considerable distance along its borders, and just here 
occurs the prominent collectiou of springs to which has been giveu the 
name of Half-Way Group, on account of its position on the trail, about 
equidistant between the two geyser-basins of the Fire-Hole Valley. 
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lookiug down intx) its water is very fasciuating, and this effect is very 
uiacb heightened by the play of the sunlight apon the rippling surface. 
The water rises by a series of regular and gentle impulses acting in the 
center, thus causing a kind of pulsating overflow all around the margin 
of the pool. In this manner the bowl has become slightly raised al>ove 
the surrouuding surface by the evaporation of a portion of the extra- 
verted liquid, and a series of steps, each but a few inches in height, has 
been formed outside. These present an appearance very much as if a 
number of immense rings, transversely flattened, with their cisternal 
dimensions decreasing gradually from the bottom upward, had been 
placed one above another about the rim of a large pit. Clouds of vapor 
ascend from the surface at times, but this does not serve to lessen the 
beauty and brilliancy of the whole, for even these fumes are quite dis- 
tinctly tinted when viewed in certain favorable lights. Another bowl 
less than twenty-flve feet in diameter is shaped like the interior of a 
hollow frustum of a cone inverted, and another is the feeble remnant 
of a once powerful spring, which now exists only as an orifice at the 
bottom of the ancient pool. 

Cliff Spring, — Near the northern edge of the terrace the most con- 
spicuous spring exists, one which is as unique as it is impressive and 
difficult to describe. At a little distance one sees nothing but a dense 
mass of vapor rising from one of the largest and deepest pits* to be found 
in the Fire-Hole Valley. Approaching with some caution, it is possible 
to pass down into the pit near the outlet, and thence along the southern 
and western edges of the bowl. The present surface of the water is, in 
some places, at least 20 feet below the general surface of the terrace on 
which it is situated. The outline of the pit is very irregular, but we 
shall be quite safe in estimating the average diameter (if sucn an ex- 
pression may be used) at not less than 200 feet. The water is con- 
stantly most violently agitated, the greatest commotion being observed 
attbe western edge, where it is forced out from beneath the overhang- 
ing rock, which is composed of laminated ancient spring deposits. It 
would require some careful study to determine the exact relations which 
the laminated rock bears to the origin of the existing springs, but the 
later history of the present bowl is quite clearly revealed by a compari- 
son with its recent manifestations. We thus learn that the subterra- 
nean forces have in the past, as now, found an outlet in an easterly 
direction, while the surplus contents of the bowl have been discharged 
toward the west, according to the natural slope of the surrounding sur- 
face. As the water is thus forced up from below it wears the rock 
upon the western side in such a manner as to undermine it, the thin 
lamination of the mass causing this process to take place more rapidly. 
After a time a kind of cavern is thus formed, as may now be seen at 
one point, and finally the impending portion falls hy its own weight, by 
so much carrying westward the margin of the pit, the bowl having ac- 
complished its own enlargement while undermining the ledge. ()cca- 
sionally, also, large blocks of the ancient deposits have become de- 
tached i^om the sides by the action of frost and through other means, 
and it is highly probable that such masses have not unfrequently been 
instrumental in changing the location or direction of the subaqueous 
operations to some slight extent. A constant stream of hot water 
passes out through a walled channel from the main portion of the bowl, 
but this soon spreads out thinly and runs ofl down the slope in many 

* The term pit, as employed in tbis report, distiu^uishes that portion of a npriug 
which is above the surface of the Ihiuid contents from the howl proper, which contains 
^e water er mnd. 



228 BECONNAISSANCE OF NOBTHWESTERN WYOUINa. 

8uiall rills. According to the shallowness and slnggislinesa of the flow 
at different points, upon which the amount of condensation mainly de- 
pends, deposits of various colors are formed, affording examples of 
almost every conceivable shade from delicate white to the darker tints 
of brown and ntd. Id addition to the mineral deposits, green .mA 
brown and re<l accnmulations of growing vegetable matter and of col- 
loidul substances are common here as welt as elsewhere upon the bench 
to which tLJ» spring belongs. 

TheBpecimenscoIIected Irom the Cliff Spriug,a8th)smay be styled, are 
described in the following list : 

1. A portion of the jutting ledge of the pool, bathed by the water as 
it washes the edges in suceeasive waves from the centers of ebullition. 
lliis is exceedingly delicate and highly colored by the deposition at 
different points of the silica,contaiDing various proportions of ferric 
hyilrate and other foreign matter. The colors are very largely retained, 
fo that the older portions of the ledge, not now exi>osed to the action of 
the water in its ebb tind How, present irregular alternations of the sev- 
eral shades over a surface of fracture. The process of formation of the 
ledge, and its chief characteristics, I'euiiud one strongly of the cor- 
res|ioDding portion of the rim of the large bowl on the seventh terrace, 
at Gardiner's River Mammoth Hot Springs. The richness and softness 
of coloriug, and the delicacy of texture in that section, is, however, 
much inferior to that of the Oliff Spring, on account of the preponder- 
ance of silica at the latter point. Much of the sinter here has the glossy 
ajipearance of real porcelain, being very compactly and evenly deposited. 

3, A soft, dark gray deposit in shallow water, with a finely wave-marked 
surface, caused by the ripples produced by the agitation in the ceuterof 
the bowl. The temperature of the water in which this is forming is so 
high, that specimens can be procured only with great difticulty, although 
the substance offers no great resistance to blows from a hammer. The 
mass thus obtained is rather teuacious, and it hardens npou loug expo- 
Bure to the air. 

3. Loo!-e pieces of sinter in shallow water, near the e^lges of the bowl, 
iiially introduced from withont, and now more or less coated with 
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mainly siliceoas, bat it resembles the more recent formations in the irreg- 
ularity of its texture and composition. 

8. Pieces from the wall with less trace of recent action than in No. 7, 
These do not show mnch change from weathering, except in crumbling 
more readily than the modern deposits. They were not taken from spots 
exi>osed to much aqueous action. 

9. 8|>eciinen from the old wall, in w^hich the red and green deposits are 
quite conspicuous. The green is of uncertain origin, but it may be col- 
lodial, or even some lowly organized form of vegetation, and it is possi- 
bly not an ancient formation. 

10. Portion of the surface layers of the wall, showing a very interest- 
ing structure rnduced by the action of running water and other '' weath- 
ering'' influences. A description can scarcely convey any idea of this, 
but it may be compared, in general terms, to a series of thin horizontal 
plates supported and separated by minute pillars closely crowded, the 
distance between the floors being not mortt than an inch or two. 

The reddish substance, No. 6, is formed in the other springs where the 
water is not too much disturbed, and in one spot upon the summit of the 
bench there is a very large deposit of it, some two inches in thickness, pos- 
sessing all the properties of like aggregations to be seen in every group 
of importance throughout the whole region of springs. The yellowish- 
white silky deposit so common at Gardiner's Kiver is also present here 
in channels of the outlet through which the hot water passes. 

Near another bend in the river, a few rods above this spot, there are 
several bowls upon each bank, one of those upon the right being quite 
large. The deposits from these are not widely different from those just 
described, although they are situated in a rather alluvial section. 

Above this point the trail passes through a continuous succession of 
<ltiaggy marshes and fallen timber for three or four miles, with no signs 
of hot S]>ring8 until the lower end of the Upper Geyser Basin is reached, 
when travel becomes much less difficult. 

Oeneral geological structure between the Oeyser Bamns. 

As before remarked, in passing from the Lower Geyser Basin up the 
Fire-Hole Valley to the Half Way Group, a broad alluvial tract is 
crossed, which is raised so slightly above the bed of the stream as to 
be kept continually in a marshy condition by the overflow of its banks. 
The existence of ancient thermal springs over a portion of this area is 
suggested by the occurrence of several ponds with basins not unlike the 
bowls of large hot springs, but there is nothing in the aspect of this 
section which seems to indicate the formation of extensive deposits by 
such agency within a very great length of time. On the other hnnd, 
there is every reason to believe that much of the space included between 
the Half- Way Group and the Upper Geyser Basin has more recently been 
the scene of very great activity, for the greater part of the valley from 
side to side is flooded with ancient siliceous sinter, not very deeply 
covered by recent humic accumulations. The bed of the river, for nearly 
the whole distance, is also composed of the same material. The Geyser 
Basins and the intermediate springs are underlaid by these deposits, 
and it is apparent that the origin of the post-volcanic thermic action 
was in the far remote past. We may also learn that, whatever of change 
has taken place since that period, has resulted rather in diminution of 
intensity than in movements of base. In several places the opposite walls 
of the valley approach each other more nearly than usual, so as to form 
short cafioQS or passages between somewhat restricted basins. 
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Tq the lower valley there ha» been much erosiou, and two prominent 
hillocks, known as the " Twin Bnttea," have been left as relics of the 
igneous beds which once filled a portion of the present hollow. 

Ill the walls of the upper part of the valley, particularly upon the 
right hank, the structure can be made out with less of difficulty, but it 
will require long and careful investigation to determine the relations 
existing between this and distant section!*. High up in the bluffs, on the 
north, the trachytes appear dipping away from the river at an angle of 
nearly 15°. The strata upon the opposite side of the valley, so far as 
could be ascertained by cursory observatioiia, are appareutly continu- 
ous with these. (See Fig. 34.) 

The foregoing facts, incomplete as they are, are offered as important 
links iu the chain of evidence which must some time be gathered from 
a region which certainly holds as much material of interest to the 
studeut in thermo-dyuamics as can be found anywhere within the same 
limits. 
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in this sectiou are all located iu the Fire-Hole Valley, and the geysers 
and non-eruptive bowls are so generally mingled together that it is even 
more difficult to separate the members of the^two classes than in the 
Lower Geyser Basin. 

XV.—HOT SPRINGS OP UPPER GETSER BASIN— FIRE-HOLE RIVER. 

In a visit of such short duration to a basin containing a large number 
of the most remarkable geysers in the world, it was impossible to fix 
the attention strongly enough upon the quiescent thermal springs to ob- 
tain all the information concerning them which is essential to accurate 
description. Enough material was, however, gathered from the study 
of these bowls to demonstrate, beyond the sh^ow of doubt, that they 
are no less important and interesting in their phenomena than those of 
any other section within the limits of our reconnaissance. Some were 
examined with sufficient thoroughness to enable them to be described 
with some degree of fullness, accounts of which will now be given in 
the order of their occurrence, beginning at the lower part of the basin. 

Clusters a, b. On each bank of the Fire-Hole River, just below the 
mouth of Iron Spring Creek, there is a group of springs of varying 
temperature, among which are a number of large bowls. 

Those upon the left bank lie but a little above the bed of the river, while 
those of the opposite collection are disposed upon a sloping surface, theup- 
per members being not less than thirty feet higher than the main stream. 
The former collection comprises several minor geysers, with three or four 
mere springs; the group upon the right bank including only one bowl with 
sufficient eruptive power to be properly considered a geyser, but having 
seven thermal springs of some importance. As a rule the bowls are 
quite regular iu outline, approaching the circular form, and the depth 
ot the upper portion is very considerable. One of the largest, however, 
at the summit of the hill has formed a bordering rim at some distance 
outside of the edge of the original bowl, so as to wall in a larger portion 
of the water, making, as it were, a shallow pond about the inner cup. 
This fringing pool is mainly upon the drainage-side of the spring, leav- 
ing the main bowl nearer the opposite edge. The temperature of the 
different springs is not uniform, but the average is high, the boiling- 
point being almost reached in one or two instances. As might be in- 
ferred from their similarity in structure, the features and products of 
the springs iu these clusters are not markedly different from those 
described under section XIV. Iron is prominently present and silica is 
the principal ingredient. The growth ofconfervoid vegetation is abun- 
dant in favorable spots. 

Much vapor is evolved at times from this locality, particularly from 
the large bowl at the summit of the terrace upon the right bank, but, 
althoagh a very great difference was observed in the amount of such 
fumes given off at dusk (August 24) and on the following morning, it 
wars impossible to ascertain how much of this change was due to atmos- 
pheric conditions. It may, however, be predicated that this bowl at 
least is subject to more or less of periodical variation, for there was 
sufficient evidence to that effect in the marks of recent overflow about 
thj edges of the outlets. 

Cluster c. — The next collection of springs is little more than a con- 
tinuation of cluster b, though it is distinct enough to claim separate con- 
sideration. As here somewhat arbitrarily defined, this group includes 
all the bowls upon both sides of the Fire-Hole River between the mouth 
of Iron Spring Creek and a point half a mile above. Within this area 



232 HECONNA188AKCE OF SOKTIIWESTEEK WYOMING. 

thore aie seven teeo Lot spriugsof uotewortUy ioiportaiice, besiilea a uum- 
liLT of iuferior geyseru, wliicb migbt uot iuaiipropriaU-ly be (^lastted ju 
the same category. Of tbis uamber, but live are Bituated Qpun tbe left 
bauk of tbe stTeaui. Aiuouj; tbein all tbere ia, ^lerbaps, as luuvti of va- 
riety iu oi'iiauieritatlou aud mode of action as is to be found in other 
8Li:tiouB, but tlieir goueral features and i)beuoiiieiia, a.s well »s tbeir 
products, are strikingly similar to the members of claater a, which are 
ii])pareutly influenced by nearly the same circu instances of structare, 
position, and temperature. Indeed, it may be said that the whole de- 
Ncriptiou ^iven in the preceding paragraph will apply equally as well to 
the present group, taken as a whole, for if there be any important differ- 
ence, it is rather to be found in the degree of activity than in tbe nature 
of the springs or the character of tbeir deposits. One point of interest 
common to all the groups, but more especi^ly noticeable in this cluster, is 
the frequent occurrence in close proximity of two or more bowls in which 
the temjierature of the contents differs greatly. As we pass up the valley 
the eruptivfe effects are more apparent, and the maiu geyser basin is 
reached by a kind of transition from the latent bowl to tbe roariug sixiuter. 
i n accordance with this, the overflow from the upi)er menil>ers of tbe clus- 
ter under review is more esceesive than in the collections below, giving 
rise at last to well-defined streams, which also receive the surplus from tbe 
aceompanyiug gtiysers. The deposits of silica, contaminated with Iron 
(as hydrat«d sesquioxide) and alumina, and a slight amount of magna- 
sic carbonate, are consequently rather more abundant than in the lower 
grou|>s. Owing probably to the easy drainage, which causes the snr|du8 
water to be rapidly removed, the flnely-omameuted rims and the richly 
variegated deimsits which abound in some sections are here less com- 
mon, but their place is supplied by heavy accumulations of equal geolog- 
ical importance, and of no less weighty interest when viewed in the 
light of local history. 

A bom cluster c. — The remaining Bi>rings cannot be grouped satisfac- 
torily; but they will be described as nearly as possible in local order, 
omitting such as are unimportant or not specially characteristic of some 
V or inleresling fealnre. At least twenty-live huge, and doubtless 
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rience iu the study of geyser phenomena that the eruptive power was 
safficient to project the column of water to a considerable height. 
There is no evidence of recent great activity, and the mound may safely 
be regarded as a mere thermal spring of small size surmounting the 
chimney of an extinct geyser, which it is steadily closing by the accu- 
mulation of its own deposits. Near its base are several fumaroles and 
one fair-sized boiling or spouting spring, which possesses, on a small 
scale, all the essential characteristics of some of the simpler geysers. 
The ornamentation of the fumeroles is here of the plainest kind, and 
there is nothing especially novel or attractive in any of their features, 
so far as I was able to observe. Back of the pyramid, at twice its dis- 
tance from the river, much vapor was seen ascending from the vicinity 
of a series of highly-ornamented spriLgs, with brilliant deposits and 
unique walls, ^veral of these were figured by Dr. Hayden in his 
report for 1871, and they are merely mentioned now to show that they 
were quite active at the date of our visit to this region. No careful 
examination could be made on account of the sudden eruption of neigh- 
boring geysers, which diverted the attention from them. On this 
account it will be impossible to describe in detail the numerous other 
springs in the basin, of which only the positions were noted. 

To sum up briefly, then, the results of observations upon the hot 
springs of this section, it may be remarked that while the diversity in 
special features, such as size* form, and position of the bowls, the style 
and degree of ornamentation, and the temperature of the contents, is 
scarcely less than may be observed elsewhere, the general nature of 
the deposits and the phenomena of eruption are much the same in all 
cases. With but a few exceptions, the springs are grouped about 
active or extinct geysers, and it is not uncertain that a large propor- 
tion of those here mentioned have themselves been geysers in the past, 
while others may yet be proven to be geysers which have never been 
seen in action heretofore. It should be remarked that sulphur occurs 
as an ingredient in some bowls, though rarely and in small quantity. 
Concerning the geological structure of the basin, little need be said in 
addition to what has already been given in chapter XI, except that 
there is reason to believe that the basaltic layers of the igneous mateiial 
are more nearly in the line of the subterranean channels than the 
purely trachytic rocks. 

Before proceeding to the next main division of this chapter, a sinall 
group of thermal springs above the Upper Geyser Basin, in tlie same 
valley, requires a passing notice. There are only five bowls, and none 
of these are remarkably large, but they are interesting from the bril- 
liancy of their deposits, and the shape of some of the moun<ls from 
which the water emerges. Although the water was spurted in one of 
the bowls to a height of two or three feet, the degree of activity in the 
cluster was apparently less than in the majority of the springs of the 
Upper Geyser Basin. The *' Third Geyser Basin of Fire-Hole Kiver," a 
small area mentioned by Dr. Peale and Professor Bradley, was not seen 
by our party. 

XVI. — FIRST GROUP ON SOUTHWEST ARM OF YELLOWS'J'ONE LAKE. 

Three miles beyond Camp 47, Captain Jones's trail strikes the lake- 
shore near a group of active springs covering a large area along the 
bank. Like most of the collections within the limits of the ancient lake 
basin, this cluster contains a number of bowls which emerge directly 
from the silty deposits, the contents of which are, therefore, more or less 
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contain iuated by the admixture of iusoluble iugredients. Near the 
IpwerenU of the Kroup a small miiildy flat ruus baclc from the shore 
^hicli appears to have beeu the bed of an aneieut stream, if not the 
eharinel of a receut creek diiriug seasous of flood. Ou thiH are situated 
.several mud-bowls and a anmber of orifices of smaller dimenaious, in 
which the agitation is not powerful enough to reader the contents tiir- 
hid. Nearer the shore there are several large, clear, or nearly clear 
xpriiigs which coustantly overflow. Rending their surplus into the lake. 
The little stream which carries off the waste is so highly heated that one 
cannot bathe with comfort in its track except by wading for some little 
distance into the lake before venturing opposite its entrauce. Several 
miid-[)oraoccurat ahigher level just north of the flat ou which the above 
are located. South of this point, at a still higher level, there are what 
may be called three clusters of springs, although they are not widely 
separated. The first collection comprises a set of half a dozen bowls 
of varying dimensions which emerge from the summit of a kind of ter- 
race of old hot-spring de|>osits fifteen feet above the level of the lake at 
low water. In several of these the vapor issues with cousiderable force, 
hut with a seething rather than a puffing sound. 

One spring has a large bowl about four teet in diameter. Back of 
these the members of the second cluster issue from a silty apea, for 
which reason the cooteots are mostly turbid or muddy. The third 
group is farther from the lake and more elevated than the others, and 
may be said to combine, in a measure, the features of them all. The 
products are as various as the varying character of the springs would 
suggest. The mud-pots deposit about the usual proportion of ferric 
hydrate in addition to the other ingredients, and the amount of iron dis- 
solved in the water of the clearer sjirings is apparently large, judging 
from the amount of colloid and confer void growth which exists wherever 
favorable conditions are present for such accumulations. The ornamen- 
tation of the margins of the clearer bowls is comparatively simple, aud 
raided rims are almost entirety absent. Uydrated alumina is a promi- 
nent ingredient, and iu some of the aneieut deposits it is blended and in- 
termiugled with the siliceous accumulations iu a very iuterestiug n 
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posed uf ancieut bot-spiiug deposita. The folloninf; list of the forma- 
tions expased Id the section iuclodes the more important and peculiar 
of these re-arraDged layers: 

1. Heavy conglomerate, composed of siliceous pebbles «f hot-spring 
material, firmly cemented, with smaller particles of obsidiau distributed 
through the mass, occnrring near the bottom of the section. This seems 
to have been formed by the cementatiou of the particles of a beiich-de- 
poait by the action of hot springs containing silica in solution in their 
ivater. Some of the sin tery pebbles are coated with a glistening layer of 
silica, and the obsidian particles, though small, are often brilliant. The 
general color of the mass is gray, with a reddish tinge, and it weathers 
dark. 




Fid, 3f>. — Seclion expoavd in a olifr alonit the sbore nf Yellon'sr.<iiip Lnk*?, niiiirhirest 
. ni, Hut SpriD)! Grniip Xu. I. a, severikl kinilauf uioitltiixl apriiit: il'-poaitN. mixed with 
obBidiaii fraKmeiitx ; iu feet, b, gravelly beat^b -deposit of b<il-spriiii( tuA'erial und 
obaidian ; I fuot. <-, uliiiniiia spring ilepoaitt ; :t feet, d, vegeliibli: muld novereil with 
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2. Sandy conglomerate near the base, composed of compacted grains 
of white and gray sand, interspersed with black obsidian sand, and 
larger itarticles, and occasional nodular pieces of watttr-worn spring de- 
posits, appearing as white blotches through the mass. Weathers darker 
gray than the original color. 

3. A bed of light-colored trachyte containing a qnantiry of irregularly 
disseminated granules of an iiiideteniiined black niinenil, the general . 
texture being compact, and the s|>ecific gravity high ; approaches the 
augitic series nf volcanic rocks, and might be called a trackydolerite. At 
base of the section. 

4. Ancient ho^spring deiK>sits, inclosing small stems and roots of 
grasses and other light vegetation. 

5. Conglomerated hob-spring det>osits, and pebbles of varions kinds. 
This is rather an agj/lomerate, the arrangement of the component parts 
being cjuite irregular throughout the mass. 

6. Ancient hot-spring deposits shown at c. Fig. 33, modified by per- 
colating water. The bulk of the material is a white mineral tinged with 
gray, very largely composed of alumina, and possessing properties which 
ally it closely to the species known as gibbaile. Much of it is arranged 
in layers of several inches in thickness, bound together by alternatin^f 
layers of siliceous nintei'. The main jiortiou is very friable, except ia 
onexposed spots, or wiiere the proportion of coiubined silica is rather 
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large. The action of the water and veatheriug inflaeDces has induced 
an irregnlar cellalar stmctare, which gives a delicate and attractlre 
ai>i>earauce to macb of it. 

The Bettiug-in of a small bay at this point exposes portions of two 
Hides of the terrace to the action of the waves. I^arge blocks of the 
aueient deposits have been broken off trom tbe cliff and now lie at the 
water's edge, to be oomminnted for the formation of new lacastrine de- 
posits. This is bat tho eontinnation of a process which has long beeu 
in operation, and the present bowls are undoubtedly the relics of once 
powerful thermal springs in this vicinity. Several caverns were ob- 
served in the clifi'a beyond ihe present reach of the water, although it 
is not certain that the waves may not affect them in seasons of high 
water. It seems probable, however, that they represent chambers in 
tlie subterranean passages of long extinct springs, which, like similar 
expansions at Steamboat Point, and elsewhere, have become exiwsed 
by the wearing away of the clitfe. 



Camp 48 was made Angust 38, near the southwestern extremity of 
Yellowstone Lake, in a grassy park, which has become a favorite rest- 
ing place for travelers in this section on acconnt of its admirable loca- 
tion at one of the best iwints for viewing the lake from its shore. The 
large number of thermal springs iu the vicinity, and on the trail between 
this and the foregoing gronp, may lack interest to the tourist fresh from 
the more exciting geysers, but to the student of nature many new and 
striking facts are here presented of great importance in the solution of 
intricate problems, while much material may also be gathered whiuh 
will serve to confirm the results obtained in other localities. Properly 
speaking, there is no very distinct line of demarkation, strnctnral or 
geogrnphical, between the collection now to be described and the cluster 
immediately preceding, for there are manyscatiered bowls within the 
intervening apace, each of which may, however, be taken as a represen- 
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upou it. The water is not excessively agitated, neitlier is it very quiet^ 
but it throbs rather regularly, with no great display of force. 

The remaining springs to be noticed are situated on the main terrace 
or flat on which Camp 48 was located, more than twenty feet above the 
level of the lake. This bench is formed of ancient lacustrine deposits, 
with relation to which the springs occupy much the same positiou that the 
bowls of the preceding paragraph hold with respect to the lake forma- 
tions now in progress. In other words, it would seem that the upi>er 
collection was at one time so near an ancient level of the lake that 
several of the bowls emerged from beneath its waters as some of the 
lower bowls do at the present time. 

This idea is illustrated in the accompanying section, (Fig. 36,) in which 




FlG. 36. — Positions of hot sprines with respect to ancient and present lake-levels. 
a a, present level of Yellowstone Lake, h h^ ancient level at a given period, c c c c, 
mirface-contoiir of ancient and recent laonstrine and hot-spring deposits, xxxx, 
positions of existing springs. Note. — For the sake of illustration, the cl nsters of springs 
at a and h are represented on a line perpendicular to the shore of the lake. In reality^ 
cluster h is thirty rods or more farther north, t. e., down the lake. 

the upper line, b h, may be taken to represent a former level of the lake 
at a period when the low terrace back of the upper cluster of springs 
formed a portion of the bank. This collection lies in a kind of hollow, 
showing that its area was included within the limits of a small shallow 
bay which here set in at t&at time. In fact, there is a striking resem- 
blance between the ancient condition of this cluster and the present 
aspect of the small collection upon the lower mud-flat in group XVI, 
the only important difference being in the height of the adjacent bench, 
which in the latter case is nciirl^' fifteen feet, while here it ia less than 
five feet. The comparison may also be extended to the character of the 
bowls in tl:e two districts, but beyond this the parallelism fails, for the 
springs near Hot Spring Camp are in every respect more vigorous and 
important than those described in the preceding section. 

It will be unnecessary to describe in detail all the clear bowls of this 
vicinity, of which there are several possessing characteristics which 
are common elsewhere, but there is one large spring which, if not 
unique, is sufficiently interesting to deserve special mention in this 
place. This has a diameter of nearly fifty feet at the surface, tapering 
gradually downward to a depth scarcely less, forming a funnel-shaped 
bowl, a form which is not unusual in this region. At the date of our 
visit (August 28) the cavity was not entirely filled by the water, but 
the surface of the water was bounded by a narrow sloping shore, a few 
feet in width. Pasvsing down this to the water's edge, I was about to 
break a piece of sinter from the wall, when I was forced to retrace my 
steps rapidly in order to escape from the heated liquid which was sud- 
denly raised in a mass by a steady impulse from below, passing over 
the shore like a single wave upon a lake-beach. The impelling force ex- 
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Iif)ii!'le<1, tbe water then retarnetl iii the same steiidj- manner to abont the 
same level an at first, and the process of ebb and flow was again and 
iiRsiin repeated at slight intervals with muoh regularity. Tliis alternate 
rising ami falling of the t-ontents with an even, throbbing motion, has 
snirgested a cninjtari^on with the beating of the |inli<e in animals, and 
the bowls in which this action occurs have been not inaptly termed 
"jinlsating springs" on this account. It seems to be partly owing to 
this continual oscillation of level, that richly -colored deposits accumu- 
late in many spots between what we may call "high and low water 
marks.** As in the bowls upon the shore of the lake, the solution is 
highly siliceous, but a certain amount of alumina is present, and ferric 
li.\drate ib precipitated to some extent, Conferroidea anti colloid mat- 
tiT do not meet with all the necessary conditions for rapid accumula- 
tions iu such a place, but they are not wanting in the more quiet bowls. 
Mud-puffs. — As liefore remarked, the great bulk of the formations at 
this locality is made up of lacustrine deposits, and these are very 
largely composed of the finer or silty layers, although a fair proportion 
of gravel is also intermingled in some parts. Fine sections are exposed 
along the bank of the lake above and below oar camp for several miles. 
The addition and more or less complete admixture of the hot-spring 
deposits has given a decided siliceous cast to much of the area, which 
would otherwise show a preponderance of the hghter alumina. Upon 
the outer edges of the upper collection of springs, and particularly upon 
the western side, the subterranean waters have hurst through the less 
compact material, issuing from the flat as mud-pots or mud-culdrons, 
containing pasty masses of somewhat varying eonsisteacy. In some of 
these the contents are thin and but slightly coherent, so Uiat the boiling 
is continaous and not verj' irregular, while in others the mud is glutinous 
or even suflicieutly dense to form chimneys about the ebnllient centers. 
Although there is, then, great variation in the tenacity of the plasma 
within a very limited area, it is owing almost wholly to the varying 
supply of water, and not, as might be supposed, to any marked differ- 
ence in the com|)Osition of the mud itself to the different bowls. The 
jiftitrtted matt-riiil is njiniitt-ly diviilcd iind most tlioronghly mixed by 
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of the water-supply of any given group of springs, aud, indirectly, the 
possible position of the beating agencies. 

No data were obtained for determining the periods of eruption of any 
of the springs of this or the preceding group, but some slight indica- 
tions of more or less uniform variations of intensity were apparent in 
the adjacent markings, though it would be unwise to* draw definite con- 
clusions on this point without more convincing evidence, to be obtained 
only by continued observation. 

The next group of hot springs, the only one now remaining to be de- 
scribed, was visited by a small detached party, which left Camp 48 in 
advance of the train, for the iiurpose of making the ascent of Mount 
Sheridan. A brief account of the trip is given in the narrative in chap- 
ter I of this report, {Special trip No, X.) 

XVIU. — THERMAL SPRINGS AT NORTHEAST BASE OF RED MOUNTAINS, 

ON SOURCE OF HEART LAKE. 

One of the finest points for obtaining a comprehensive view of the 
country south of Yellowstone Lake is to be found at the summit of the 
highest peak of the Bed Mountains, a limited range of undulating hills 
which trend nearlv north-south between two of the main sources of the 
Snake River. The highest peak of this wavy ridge has been known as 
Mount Sheridan since the date of Captain Barlow's expedition, that 
gentleman having been the first to ascend it and propose a name. 
Heart Lake lies in a deep depression at the e^astern base of the range, 
three thousand feet below the sumu)it, receiving its water-supply very 
largely from the snow-fed streams, which pour their contents down 
through deep-cut canons among the lower hills. Our little party was 
camped in a sheltered spot near the brink of a high fall on one of 
these creeks, at the northern end of the range, several hundred feet 
above the lake, which was not in sight from that point. We passed a 
number of interesting springs along the banks of the stream, but the 
largest and most powerful jnembers of the group were only seen at a 
distance. This collection has never been carefully examined, and it is 
probable that many new facts of value will yet be gathere^d here, if one 
may judge from the peculiarities of the two following bowls, which re- 
ceived some special attention. 

Puffing Spring, — The first to be described is situated on a kind of 
platform, upon the right bank of the stream, below the main fall, but 
near the side of a rambling cascade. The orifice is not large, and the 
vapor, which is constantly emitted, issues from the solid rock, in a man- 
ner closely resembling the puffing effusions at the Steamboat Spring, 
described in chapter IX, section XL The expanded chamber, which 
probably exists at no great distance beneath, is not visible from the 
surface. The resonance of the escaping vapor is increased, with the 
production of a slight echoing sound, by the wall of the gorge, which 
partially incloses the spot, somewhat after the manner of an amphithe- 
ater. The result is a noise not unlike that of a hydraulic-ram in action. 
The products are largely siliceous, with a fair proportion of iron and 
some sulphur. Alumina is abundant in several larger bowls lying on 
an alluvial flat at a lower level. 

Sand Spring, — Just above the falls, nearly opposite our camp, there 
is a depression in the bank of the cre^k, but a little above the present 
level of the stream, near its edge, though it rises gradually beyond. 
This seems to have been, at a time long since past, an area covered by 
hot springs. The greater portion is now covered with a thick matting 
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of turf, which supports a rank growth of tufted graga. Unsuspicious of 
till; treaclierous uatiire of tiie subsoil, of which no iudicatioiis are visi- 
ble, I incautiously sprang across the creek upon the flat, when I imme- 
diately s»uk nearly to the middle iu a hot quiigmire, from which it was 
difhcult to extricate myself. The only result ot this involuntary batb 
was a thorough sukking of apparel, including hea^y under- garmeuts, no 
mud adhering to the clothing. This miry patch lies iu the track of a 
small outlet from an interesting boiling spring above, the contents of 
which seem to be very largely retained beneath the tougheued sod, which 
is thereby provided with an abundance of beat as well as moisture for 
the support of its vegetation. A very small portion of the water is iteen 
to escape into the creek. The spring referre<l to lies at the upper eud 
of the depression, which is here so narrowed that its walls almost inclose 
the spring on three sides. There are several centers of ebullitiou near 
the ed^s, the very hot water boiling up with force, greatly contamina- 
ted with white sand, with minute black grains interspersed. 

Bat a comparatively small quantity of water overflows tbe bowl, and 
this passes off in a sluggish stream, which is soon lost in the quaggy 
area, after serving for a time as a support for a brownish, scummy, col- 
loid substance, very similar to masses of tbe same material elsewhera 
described. Silica is tbe principal deposit, ainmina being present only 
in small quantity. Some vapor escapes from the surface, but it is not 
a marked featnrc of the locality. The ornamentation of the odges of the 
bowl iu places washed by the water is not elaborate, nor is it, either, 
commonplace ; but the decoration is frequently retarded by the mixture 
of the suspended sand with the precipitates arising from the condensa- 
tion of tbe solution. 

Eisaiag Spring. — Just after reaching tbe basin in which these springs 
are located, a large spring at some distance down the creek suddenly 
ejected a dense mass of white vapor to a height of perhaps twenty-five 
feet, with a rushing noise which startled us all. This may have been a 
veritable geyser, but we were unable to detect any signs of a column of 
water from our jwint of view below the Puffing Spring, one hundred 
rods distant. Tbe eruption lasted for about five minutes, tbe action 
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other bowls were observed than those described, some of which were of 
good size and quite clear, others tarbid bat not pasty, and a few veri- 
table simmeriog solfataras, besides a large namber which were only 
seen in the distance while climbiog the peak which directly overlooks 
them. 

CONCLUDING REMARKS. 

It is believed that the four chapters which have been occupied with 
the description of the hot springs visited by the writer will be found as 
full and complete as is necessary or possible in a work of this nature, 
and that while a very large number of the springs hitherto described 
from this section have not been here included, a sufficient number of 
new facts have been adduced to render the generalizations to be pro- 
pounded in another chapter lucid and intelligU)le. If it be thought that 
the five hundred bowls or more, which have furnished the material for 
the foregoing descriptions, are not enough to afford ground for the con- 
clusions there offered, it must be remembered that the groups examined 
are widely scattered and of remarkable variety, while but few collections 
now known have been omitted, and these, with one or two exceptions 
only, such as possess but a minor degree of interest and few important 
features of unique character. It should also be borne in mind that al- 
most an equal number of localities were visited by our party, which 
have not heretofore been described with any degree of accuracy. 

In order to discuss with freedom the nature and action of what may 
be termed minor volcanic phenomena, i, e., the phenomena of post- volcanic 
activity, it will be necessary to include in the same category all the 
hot springs and geysers, for it will be impossible to divide them into 
well-marked classes based upon any ground of distinction known at 
present. The following chapter is therefore devoted to the description 
of such bowls as may be roughly but conveniently ^parated for that 
purpose under the head of Geysers. Before proceeding to that subject, 
it may be well to call attention to the existence of large tracts of ancient 
hot spring depoaits in many places where there are no signs of present 
or very recent activity. It is not possible to find words which shall ade- 
quately depict the impression left upon the mind of the attentive traveler 
in this region concerning the enormous amount of vigor which has been 
displayed in the past by innumerable bowls in almost every part of the 
district. One is amazed at the remarkable persistency of the heat to the 
present late epoch, but the imagination is taxed to its utmost capacity 
to conceive of the magnitude of the manifestations which must have 
taken place at a remote period, though within recent geological eras. 
Ko special description of the ancient accumulations is necessary, for, 
although there is a variety almost marvelous in their texture and com- 
position, there are few facts connected with them which are not exemp- 
lified in one or more of the groups of existing springs. 



CHAPTER XIII. 

THERMO-DYNAMICS, CONCLUDED— DESCRIPTION OF GEYSERS AND SUM- 
MARY. 

Distribution and general remarks — ^A. Group on East Fork of Madison River — B. Gey- 
sers of Lower Basin, Fire-Hole River — C. Geysers of Upper Basin, Fire-Hole River 
— Generalizations. 

The term geyser , as employed in this chapter, relates to such bowls as 
are more or less eruptive in character, in which the water is periodically 
H. Ex. 286 16 
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pjccted witb force. This clossificiitioii is in many respect-s arbitrary and 
iiiisatiefactory,forthereasoDtbat it often compels a separation of springs 
wbicb cannot positively be said to differ except in power. The majority 
of tbe bowls included under this head will, however, be found to possess 
certain pecniiarities which point to some important modifications in tbe 
relations of the supplies of heat and water, rendering tbem in a meaa- 
ure distinct from the most active of the hot springs previously de- 
scribed.* 

A few of the springs mentioaed in chapters IX-XII might, perhaps, 
as well have been coosidered in this place, but their position in the re- 
port has generally been determined aa a matter of convenience in dis- 
cussing them. 

DISTEIBUTION OP GBYSBES. 

Of the eighteen groups of hot springs reviewed in the four preced' 
ing chapters, the Qrst three do not possess a single bowl which approaches 
tbe typical geyser. Some of the mud-volcanoes of tbe fourth group are 
eruptive in character, but the ejection of tbe mud is rather the result of 
tbe restraining and concentrating influence brought to bear upon tbe 
projecting force by the tenacity of the material. No geysers are includ- 
ed in the fifth group, nor in the seventh, ninth, eleventh, sixteenth, or 
seventeenth groups. The sixth or Wayside Group, on Orange Creek, 
in tbe Yellowstone Valley, contains two or three jets which might not 
inaptly be termed pseado geysers, but their phenomena are essentially 
different fTom those of a true spouting geyser. The same may also be 
said of the jets at Gardiner's River, alreudy described, (chapter X,) as 
well as those already mentioned in connection with groups XIII, XIV, 
and XV. The silica jets of group X are really minor geysers, which 
would have been as appropriately described in this chapter as in chap- 
ter Xr. Thns it will be seen that tbe bowls which have been reserved 
for the present chapter belong to three of tbe hot-spring localities before 
marked out, all of which are connected and not widely separated. It 
should, however, be noted that several small geysers are supposed to 

■ ■ I tlip iinperfectly-kiiowii hn^sin of grouji XVIIj, i " 
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This growth, as it may jastly be called, is the one distingaishing feature 
of the active geyser, by which its character may be determioed even in 
its quiescent state. As the formation of this peculiar surface is de- 
pendent upon the complete evaporation of the water, it is not absolutely 
necessary that it should be produced in order to entitle a spouting bowl 
to the name of geyser, for a large column of water may be shot high 
into the air from the center of a large pool in such a manner as to return 
wholly within the rim. In such cases no fungoid tracery will be formed 
without the bowl, and no evidence of eruption will be found after the 
ejection has ceased, except in the marks left by the overflow, which, of 
themselves, are not sufficient to determine the character of the bowl. 
Judging from the comparative fineness of the excrescences about the 
spouting springs of this group, it may be inferred that the height of the 
projected column is never very great, but this -criterion cannot be fully 
relied on in all cases, because the coarseness of the ornamentation is as 
much dependent upon the amount of the falling water as upon the height 
from which it falls. In other words, the falling of a large column of 
water in a mass may produce the same effect as a smaller body drop- 
ping from a considerable elevation. 

Another result of geyser action is the building up of a chimney about 
the bowl, usually becoming somewhat narrowed as it ascends, so as to 
approach more or less closely to a conical shape. In this locality the 
raised rims are not high, and the bevel is rather slight. The composi- 
tion of the products is the same as that of the surrounding less turbu- 
lent springs, silica predominating, but there is less chance for the 
precipitation of the iron as ferric oxide, and the red deposits are, there- 
fore, less abundant. The main features of the craters are of essentially 
the same nature as those described beyond and need not be enumerated 
here, but we will proceed directly to the next group. 

B. — GEYSERS OF THE LOWER FIRE-HOLE BASIN. 

Upon the ridge containing the mudcaldron and other springs, between 
the entrance to the Lower Geyser Basin and our special camp near the 
White Dome, there are several interesting geysers, some of which were 
fortunately observed in action. For convenience of reference these, 
with all the others to be described in this report, are numbered consecu- 
tively. Names marked thus ♦ are taken from the reports of Dr. llayden 
and corps; those preceded by a t from other authorities, as Doane, 
Barlow, &c. ; the § being used to designate such as are supposed to be 
named by the writer for the first time. The descriptions are all given 
from personal observat on, any additional information used being in- 
variably properly accredited. 

I. § ;^i><wt» Oeyser, — ^After reaching the summit of the terrace of 
sinter, which forms a part of the lower edge of the ridge mentioned 
above, several quiet bowls were passed before reaching one near the 
western edge of the bench, which was fitfully spurting a small column 
of hot water two or three feet into the air. This was at 3.20 p. m., 
(August 23,) and the same action continued with no apparent diminu- 
tion until 5.30 p. m., when it ceased altogether rather suddenly. It is 
impossible to state the length of time it had been playing, before we 
first observed it, but it will be interesting to note its sympathetica! 
relations to some adjacent bowls, as remarked beyond. The fungoid 
markings, so common about many of the larger geysers, are here repre- 
sented by similar excrescences of a rich and delicate structure. The mass 
of the sintery deposit is composed of an exceedingly fine-grained white 
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silioa, the outer aod fresher portiona being of a shiny yellowish color 
when collected, with a surface covered with roagbened prominences like 
an aggregatiOQ of miuute coral branches. These are sometimea formed 
as little islands, in small shallow pools surroundiuK the geyser-bowl, 
and they appear to have been cansed by the interference of opposing 
waves produced by the falling water, though this is not definitely 
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Fif). 3T. — Relative positiouB of geyaan on Fonntein Terrace, Lower Fire-Hole Baain. 
Tbe tiK"''^ refer to bowla thus numbered in the text. The dotted lines repreaeDt 
tbe general conrsa of tbe outflow from eacb bowl. 

ascertained. Pieces of rope and cloth left here by previoas visitors 
were pick^ ont of the water in a half-rotten condition, which became 
tough and spangled with crystalline grains of silica upon exposure to 
the air until dried. Some pieces of the rope, which were of a browoish- 
yellow color at the end lying out of the water, were bleached to a most 
delicate white. Pine cones and chips of wood were also well ailicifled 
by immersion. Tbe size of this bowl is not great, consequently tbe 
larger portion of the ejected water is thrown beyond tbe edges and falls 
without the bowl, mostly upon the lower side. In favorable spots, the 
characteristic red deposits are precipitated in tbe track of the ontlet. 
2. § Impulsive Qeyser, — While watching the pulsations of the Spasm, 
'iiud Hfyser {'2, Fif;- 37) suihlenly began to spurt, at 3.30 p. i 
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are maiuly stractural, but the texture, upon which their structure partly 
depeuds, is also more or less distinct Instead of the compacted powder 
which is eminently characteristic of much of the product from the Spasm, 
we have here prevailing an impure porcelain texture. The resulting 
forms of relief may be considered respectively, as illustrations of the 
coralline and the mammillary types of structure. 

The eruption of the Impulsive Geyser continued until 5.30 p. m., hav- 
ing been in operation for two hours. The cessation of the boiling 
was very nearly simultaneous with the close of the eruption in the 
Spasm. 

3. § Clepsydra Geyser. — The third member of the group is one of the 
most regular in the basin, and on this account the name Clepsydra is 
proposed for it. Like the ancient water-clock of that name, it marks the 
passage of time by the discharge of water. It would be unwise to num- 
ber this among the constant geysers without knowing more concerning its 
movements than has yet been gathered, but it wa^ in action during the 
whole of the two hours and a half that we were in its vicinity. A large 
mass of water is forced up in a rolling wave, ending in a vigorous but 
not greatly elevated spurt, at intervals of three minutes. The mechanical 
deposit surrounding this geyser is even more delicate than either of the 
forms above mentioned. It is of the coralline type and may be described 
in terms of coral-masses, so far as mere general resemblance is concerned, 
as a close aggregation of madreporic coralla^* of small but varying sizes, 
arranged on a horizontal plane. This parallel can be carried no further, 
however, for the numerous coralkts* and the connecting ccetienchyma^* 
if we may use these terms, are of 'course solid, the process of growth 
being wholly similar to the formation of true stalagmites over the floors 
of caverns. A piece of wood taken from the bowl of the Clepsydra 
was coated with a layer of pure white semi-crystalline silica, resembling 
the icing used in confectionery. 

4. § Fitful Geyser. — This geyser is quite near the boiling spring repre- 
sented in Fig 37, numbered G. It was in action irregularly all the 
time we remained in its vicinity. The main oriflce is near one side 
of the top of a small heap of sinter, built up by the water somewhat in the 
shape of a leaning cone. Occasionally the aqueous contents were 
spurted to the height of three feet above the top, in a coarse jet, but 
more frequently the ejections were much less forcible than the accom- 
panying sound would seem to warrant. No connecting passage 
between this and the adjacent boiling bowl was apparent, but the 
action of the latter was such as to suggest some degree of sympathy in 
their movements. Some water also escapes from small bowls near 
the base of the chimney, which are constantly agitated, although they 
are not necessarily in direct communication with the geyser tube. In 
pools formed by the falling water, delicate white pebbles of pure gey- 
serite^ with a concentric structure, have been formed, a polished sur- 
face being maintained by the frequent movements to which they are 
subject. These, as well as portions of the coralline mechanical deposits 
about the main orifice, are frequently tinged or colored with rich shades 
of pinkish red, when moist. 

5. ♦ Fountain Geyser. — While obtaining an interesting specimen of the 
porcelain silica which forms a jutting ledge in the boiling spring, (No. G, 
Pig. 37,) the water in No. 5, which had previously been quiet and not 

*Tbese terniH are employed in the usual zoological sense, according to Dr. J. D. Dana, 
(Corals and Coral Islands.) A corallnm is a coral-mass or skeleton, tbe skeleton of each 
pfleado-iodividual being called a corallet. The coBnenchyma is the main connecting mass, 
which is common to all tbe polyps of a corallum. 
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entirely fille(), rose saddeiily unttl the bowl wfl-s ready to overflow, 
when a large amoQDt was elevat«d to a height varying from six to ten 
feet, in a column of nearly eqnal diameter. The action began at 4.40 
p.m., (August 23,) and the eruption did not cease wholly nutil 5.40 p. m. 
Occasionally very sudden impulses would carry smaller but quite large 
columns twenty-five and thirty feet into the air. Sometimes the whole 
would gradually die down, aud more thau once wlien I thought that 
the ejection had ended, a vigorons throb would violently throw the 
water and vapor to its greatest height. The rushing noise produced by 
the escaping liquid was very loud, and a 3ub8e(]uent ern|)tion, which 
occurred from 7.30 a. m. to 8.30 a. in. on the following morning, was 
distinctly andible at our camp near White Dome Geyser, more than 
a mile distant. At the close of the first eruption the water receded in 
the bowl, 80 that we coutd look down many feet into the large open pit 
which was thus formed. In this case, as in all other instances of hot 
springs or geysers, which I was able to examine beneath Ihe surface, 
the water does not issue perpendicuI.Trly beneath the bowl, but in an 
oblique direction, and, almost invariably, at one side of tlie bowl. After 
a time, by a series of alternations of level, an equilibrium is restored 
and the water comes to rest nearly in its position before the eruption. 
The agitation takes place mainly in the portion represented at a in the 
cut, b beitig intended to show the outline of an adjacent bowl which 
receives much of the 8uri>Iu8 water, but does not apjiear to be greatly 
conci-rned in the ejection. The ornamentation is peculiar and interest- 
ing, varj'ing in fineness of stnicture acconliog to the distance from the 
rim of the bowl. The comiKisition of the deposits is not materially dif- 
ferent from that of the accumulations about the neighboring bowls. 
The water in the fountain is very clear, and one obtains a very good 
view of the interior of the bowl by looking down through it. The com- 
mon azure tint is present, adding greatly to its beauty. A third erup- 
tion of this geyser (apparently] began at I-IJO p. m., August 24, the 
duration of which was not determined. 

0. " White Dome Get/ser. — The North Branch of White Creek (see cliap- 
r XI) is it'd toward its lowfT end by the drairiagf from two clusters of 
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feet above the apex of the cone during two minutes. From a distance 
of half a mile, it was again seen to spout, at 11.20 a. m., with about the 
same degree of force, the eruption lasting the same length of time as in 
the preceding instances. 

The first two ejections were preceded and followed by a roaring in 
the tube, (the third was observed beyond the limit of the sound-waves,) 
each period being of nearly three minutes duration, making the whole 
time of eruption about eight minutes. Occasional roars were heard for 
some time afterward at irregular intervals. 

A portion of the water falls outside of the chimney and courses down 
one side, where it has worn a channel in the old deposits of the mound. 
A few small holes are exposed along this line, through which more or 
less of vapor is constantly escaping. The material of the mound at this 
point is a very compact, flinty variety of geyserite, arranged irregularly 
in plates, with a clear opal appearing in spot^. The exterior is covered 
with a dark-brown growth of a scummy substance, which turns black 
upon drying, and a perceptible pink tinge, with a tew touches of green, 
are found beneath and in patches. The recent mechanical deposits 
about the mouth of the chimney are compactly granular, breaking 
readily into coarse, uneven joints along no particular lines. The surface- 
contour is irregular, and the whole when wet has very much the appear- 
ance of a mass of whit« commercial sponge of a mixed variety, i. e., an 
average mass with frequent spots of a very fine-pored variety. In an 
ordinary light, small pieces sometimes have a dingy aspect much like 
the color of coarse granular salt recently removed from a saturated 
greasy brine, but this changes to an extremely delicate pinkish hue in 
the full play of the sunlight. 

Some excellent specimens of silicified wood were obtained from the 
bed of the ancient outflow, with all the structure of the original tissue 
without a visible particle of the substance, which is entirely replaced by 
the pure white silica. In many cases these are covered by a structure- 
less incrustation of the same material, which has often reached a thick- 
ness of more than an inch. The inclosed portion is usually very brittle, 
the silica showing a tendency toward the granular texture. 

7. § Boiler Oeyser. — Besides the hot springs already described, which 
lie in a group near the upper end of the vale of White Creek, there are 
several geysers of some interest. The Boiler and the following bowl 
are not very extensive, but both appear to be constantly in action. The 
water in the former rises throbbingly near the center, and falls in a mass 
almost wholly within the cup, producing its mechanical dei)osits upon 
the edges by the action of the successive waves which are thus origi- 
nated. The resulting formation bears traces of the wavy ridges which 
would be left upon a horizontal or slightly sloping surface of loose ma- 
terial, as along a lake-beach, but the undulations being here more rapid 
and restricted in breadth, there is less of uniformity in the surface of 
the deposit. It is brilliant and glistening, though roughened and much 
cut into irregular squares, beads, and other forms of relief. Much of 
the grooving, or, more properly, the separation of the several parts of 
the relief- work, seems due to the trickling back of the water after it has 
been thrown up by the waves. By this combined action small gullies 
are worn out beneath the edges of adjacent raised patches, which give 
an appearance of overlap beyond what is real. These deposits were 
slightly pinkish when collected, but the color vanishes when the speci- 
mens become dry, although the unexposed portions are often flesh-colored 
over a surface of fracture. The silica is of a brownish color, usual- 
ly, except at the surface, much of which is light gray or nearly white. 
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8. § Bead Gegter. — Not far firom tbe Boiler there is a Tigorons jet, 
^liicli iSRues from a rather long, narrow fissure, the water falling back 
ii|>on the sides in a fine spray. The mechanical deposit is comparative- 
ly even, and it consists of a compact aggregation of minute, shiny, glob- 
ular grains, which are opaque and of a delicate brown color when dry, 
but having a rich pink luster as they lie coutinually moist in their natural 
position. The vertical edge of the rim is somewhat coarser, with the 
Ix'ady clusters more confusedly arranged. There is a tendency here, as 
elsewhere for the compacted deposit to split into more or less rega- 
liir cnboidal blocks, resulting in this case in the production of very lim- 
it(*d flssureij, and these have been refilled by the infiltration of a pure 
white silica, which now traverses the mass as an irregular net-work or 
honey-comb of platy veins, serving to cement the parts more firmly to- 
gether. Larger fissures, though quite small, are not thus filled, owing 
to a deficiency in the water-supply. 

'J. § Unknotcn Geyser. — This name is proposed, provisionally, for a 
bowl which has been mentioned in a previous chapter under the bead of 
Hot BpringH, but which offers such unmistakable evidence of past geyser 
phenomena that its peculiarities deserve special consideration in this 
pliice. No signs of very recent activity were apparent, nor is there any 
reiisoa to believe that previous observers have witnessed an eruption, 
and yet the adjacent deposits exhibit very little appearance of extensive 
weathering. The shallow pools which have received the falling water 
were wholly dry in 1873, and a large number of the characteristic peb- 
bles of geyserite are present, showing the results of much disturbance, 
many being lozenge-shaped, others polyhedral. Numerous mamuillarj 
pillarsprojectfrom the surfacelike so many stalagmites toa height of more 
than an inch, with horizontal diameters varying from a quarter of au inch 
to nearly tno inches. The tips of these have the glistening leaden hue 
nliichcharacterizesthe water- polished siliceous snrf aces about active gey- 
sers, while the sides possess the pecnliar yellowish tints and roughened 
prickly surface which belong to portions submerged in pools containing 
hot solutions of silica. Tbe material is a very compact opaliferons gey- 
■i-iite, a cross-section of a pillar presenting a gliltering surface, with 
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caa8iDg the jet to rise somewhat obliqaely. The extreme altitade of the 
colamn at the time of oar visit did not exceed twenty feet, and it rarely 
ascended less than fifteen feet. The falling spray mostly mingles with 
the contents of the pools, so that the mechanical deposits are less re- 
markable than in many parts of the Lower Basin. In some of the cooling 
pools at this point, there occurs aqaantity of the yellowish-brown gelat- 
inous material so abundant elsewhere, but it is here so thinly distrib- 
uted as to give the water the appearance of a yellow liquid at a little 
distance. 

Several other important geysers were observed in action during 
onr stay in the Lower Basiu, but we were, in such cases, so tar removed 
from them that it was not possible to obtain any information of suffi- 
cient value to merit record here. 

In the Half- Way Group, (XIV, chapter XI,) there are one or two ap- 
parently constant geysers, in which the water is thrown in fine jets to 
a height of three or four feet. At first sight, there appears to be no 
essential difference between such bowls and those spouting springs 
which have elsewhere been excluded from the class of geysers, but a 
more careful examination proves that they manifest certain peculiarities 
of eruption belonging only to veritable geysers. The falling water 
here returns almost wholly into the bowl, so that no mechanical de- 
posits of importance are formed about their rims. 

0. — GEYSERS OF THE UPPER FIRE-HOLE BASIN. 

12.f Old Faithful. — At the extreme upper end of the Upper Basin, on 
the left bank of the Fire-Hole Kiver, there are several white mounds or 
domes which mark the ancient position of as many extinct geysers. 
One, now active, stands by itself upon a broad table, as it were, with a 
succession of irregular steps extending downward to the edge of a low 
cliff at the river-side, some ten rods distant or more. The contents are 
ejected through an elongated opening in a one-sided chimney, which rises 
perpendicularly to a height of fifteen feet above the upper step. Its 
appropriate name was given by Doaue and Langford, on account of the 
approximate regularity of its action. The following table, originally 
published in the American Naturalist,* gives the particulars of eleven 
successive eruptions which occurred during a portion of the time which 
we spent in this locality .f 

TABLE. 



Number of eraption. 


Date. 


Bmption began. 


Eraption oeaaed. 


Duration. 


Intervals of 
quiet 


1 


Aq£. S5. 1873 


A. fit. 

10 38 

11 36 
19 39 

1 41 

2 45 

3 53 

5 11 

6 3 

7 13 

8 14 

9 17 


00 a.m. 
00 a.m. 
00 p.m. 
15 p. m. 
20 p.m. 
35 p.m. 
10 p. m. 
15 p. m. 
00 p.m. 
00 p.m. 
00 p. m. 


h, tn, 9. 

10 43 00 a.m. 

11 41 30 a.m. 

12 44 00 p.m. 

1 45 45 p.m. 

2 50 00 p. m. 

3 58 00 p. m. 

5 15 40 p. m. 

6 07 45p.m. 


m. 9. 

5 00 
5 30 
5 OU 
4 30 
4 40 
4 35 
4 30 
4 30 


K m. f. 


S 


58 00 


3 


....do ....... 


57 30 


4 


do 


57 15 


5 


.... do ....... 


59 35 


6 


.... do ....... 


1 3 35 


7 


....do 


47 25 


8 


....do ....... 


47 25 


9 


do 


1 4 15 


10 


....do 








11 


....do ....... 




















1 
Average dnrfttioi And nnlAt inb 


srval 


4 33i 


56 40 















*Vol.viii, March, 1874, p. 160. The first eraption given here was omitted in the 
Naturalist. 

1 1 take pleasure in acknowledging^ obligations to Lient. S. £. Blunt, astronomer, for 
the record of several of these eruptions, in addition to other favors. 
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A description of the second eraption will serve as an illoBtratioQ of 
the cus^iumry phenomena, there being bat slight differences in any of 
the succeeding ejections. At 11.28 a. m. the geyser began to spnrt a 
little, but barely euoQgh to throw a slight amoant of water over the 
sides of the chimney, altbongh a constant rumbling was kept up below. 
At 11.36 a. m. a heavy mass of water was suddenly thrown out in a 
iimgniAcent jet to the height of nearly 150 feet, and the accompanying 
column of vapor ascended to a mnch greater altitude. This continued 
quite steadily for two minutes, when the iutenaity gradually decreased 
with an occasional vigorous spurt, until 11.41.5 a. m., the rumbling and 
internal sputtering continuing for some miuutes, during which a small 
ainonnt of vapor quietly escaped from the orifice of the chimney. At 
least a dozen eruptions of Old Faithful were witnessed without record, 
for want of accurate observation. In every case the force of the ejec- 
tion was much the same, but the duration of the premonitory and sub- 
sequent sputtenngs wa« quite variable. In the third eruption given in 
the table, the first spurt occurred only three minutos before the ejection 
began, aud the preliminary agitation in the tburth eruption took place 
but two minntes previously. 

The sides of the chimney of this geyser are covered with a very deli- 
cate mechanical deposit, which may be compared to an aggregation of 
immense quantities of minute pearls so arranged as to simulate irregu- 
lar but crowded masses of grayish-white coral of the finer varieties. 
In the broad but shallow pools about the base of the chimney, there 
were no geyserite pebbles, but each pool bad a beautiful pinlush bed, 
tes.'selated by the falling water in such a manner as to give it the appear- 
ance of a pebble-paved floor. There is a distinct cleavage line, marked 
by the grooves between the pseudo-pebbles. The latter vary in size 
from that of a grain of wheat to those which have diameters of nearly 
or quite two inches. The mass of the deposit is composed of remarka- 
bly pure, glittering, pearly silica. There is sntficieut evidence that the 
tesselation is caused by ripples induced in the pools by the agitation of 
the water, and the resulting structure is not widely different from that 
of the mechanical deposits about the rim of tlie UoilerjGeyser, {ante, 7.) 
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Castle was roaring vigorously, and a small amoant of vapor escaped 
steadily from the vent at the summit. This gradually dwindfed, and 
no eruption took place until the following day, although spurts of two 
or three feet only occurred at irregular intervals. Shortly before 4 p. 
m. on the following day, a large mass of water was ejected in a column 
which was maintained for ten minutes at a height of nearly thirty feet. 
Leaving the basin one hour later, the roaring which continued after the 
eruption was still very audible at a considerable distance. From this it 
may, perhaps, be justly inferred that an eruption had taken place just 
before our arrival on the previous day. There was a certain fitfulness 
of action before and after the main ejection, all of which may properly 
be considered as part of one eruption lasting more than an hour. We 
observed the phenomena from a little distance, when we were unable to 
devote any time to special examination. 

There are several small boiling pools near the base of the geyser, and 
a round steaming caldron on one side. One pool is almost a geyser, 
throwing the water two feet into the air. 

14. t Chiant Oeyaer. — Near the edge of the main stream, upon its left 
bank, below the Castle, there is a large conoid chimney ten feet in height, 
open down one side, so that one might pass in through the gap. The 
thickness of the wall is not very great, nor is it remarkably thin. In 
the past there has evidently been much and vigorous agitation of the 
pool, which is now in a constant state of ebullition but a little below 
the surrounding surface-level. Doane, Hayden, Langford and others, 
have witnessed and described eruptions of great power, but there is no 
record of important ejections since 1871. In 1873, the action was con- 
stant, the water being rarely thrown in successive jets to a height of 
three feet or less above the summit of the encircling wall, but as a rule 
the column did not rise sufficiently to throw the liquid over the edges. 
This is one of the most noticeable geysers in the whole basin, on account 
of its raised portion, v^hich has been entirely built up by the evapora- 
tion of the water ejected from the pool within. The exterior is dark- 
colored, unlike many of the other chimneys, and the rather coarsely 
granular geyserite of which the wall is partly composed has a tawny 
yellow tinge. Smoothly-worn lozenge-shaped and polyhedral pebbles 
were obtained from shallow pools adjacent to the cone. The cone itself 
is elevated somewhat above the general surface, resting upon a slight 
terrace formed of geyser deposits. Several other pools, which seem to 
have more or less of sympathy in action with the Giant, are situated 
near it, and some are pro\ided with interesting rims. One large open- 
ing of this kind, in a flat-topped mound three feet in height, spurted ten 
feet in sudden jets. 

15. • Orotto Oeyser, — About thirty rods down the stream from the Giant, 
and at some distance back ^om the water, there is an irregular mound 
with several lateral orifices, through which the water is forced during 
an eruption. By this means the main current is thrown over a ridge 
into a pool behind, and a large portion of the ascending column of water 
is converted into a very fine spray. The markings over a considerable 
surface are, therefore, exceedingly regular and remarkably fine, resem- 
bling a smooth white floor inlaid with glittering pearls. Large slabs 
of this material, three-fourths of an inch in thickness, can readily be 
detached without injury, but the geyserite is rather brittle and does not 
bear transportation well. 

We witnessed but one eruption, which began at 2.17 p. m., August 
25, continuing uninterruptedly till 3.03 p. m., when it ceased altogether. 
The water was ejected with much force in two irregularly-alternating 
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colamnSf Itroceediog from the two large conical chimneys of wbi<A the 
mound IS made np, and from several intermediate openings of small 
size. The Tolnmeof water and vapor was large, and a good-sized aCream 
was formed by the surplus, which ran off down the bill to the rirer. 
The maximnm height was nearly twenty-five feet. According to Dr. 
Peale, the dnration of this eraption was less than one-half that of two 
witnessed by himself in 1872, aad the intensity, as measured by the 
mean height of the eniptioD, was also less in 1873, judging from hia 
report. 

16. * BiverH^e Geyser. — A little below the Grotto, across the river, a 
geyser which is situated near the edge of the Btream began to spont at 
2.43 p. m. This is known as the Kiverslde Geyser. A jet of fioe spray 
was very suddenly thrown more than thirty feet into the air, which 
continued quite steadily until 2.47.5 p. m., when it ceased acting for 
one-half minute ; then it played weakly for two minutes, ceasing again 
for half a minute, then played again rather vigorously until 2.53 p. m., 
(two and one-half minates). At 2.5i p. m. it roared loudly and b«Mune 
quiet at 2.56 p. m., after which no action occurred. The Riverside has 
a low, irregular mound, with a small chimney scarcely rising near its 
center. When quiet, however, there is little about it to attract tin 
attention of the passer along the trail. 

17. • Fan Oeyaer. — While watchiiigthepol3atlon8oftheGrotto,acol- 
umn of vapor was evolved from a geyser upon the right bank of the Fire- 
Hole Biver, a few rods below the Riverside. This began at 2.43 p. ul, 
almost precisely at the moment when the eruption began in the 
Hiverside. Gradaatly increasiug in intensity, it was throwing a large 
column of water at 2.49 p. m., which continued, but gradually diminish- 
ing, until 2.54 p. m., at which time italmost ceased, sputtering occasion- 
ally, however, until 2.56 p. m. Tliis record shows a remarkable simi- 
larity or sympathy between the Fan and the Riverside. Dr. Haydea 
states (Geological Survey of Montana, &c., 1871, p. 124) that the Fan 
is composed of a close clnster of five oriflces which play together. The 
column is very interesting, spreading out broadly owing to the cross- 
pliiy nf the several streanis. 
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less rapidly than before, but very gradaally increasing in power and 
frequency till 5.47 p. m., when the action wholly ceased. 

The mechanical deposits aboat the Grand Geyser are of mach beauty, 
being highly polished and of a glistening ivory tinge. The falling water 
is very largely broken into fine spray before it reaches the ground, so 
that the protuberances are often quite delicate, but there is a certain 
irregularity of arrangement which rather adds to the general effect than 
otherwise. Perhaps the nearest approach to a satisfactory parallel will 
be to compare a portion of the common ornamentation to a siliceous base 
covered with a jumbled arrangement of miniature teeth of various ani- 
mals without regard to classiScation. Such comparisons are, however, 
of little value, at beat. There is not a little variation in size of the com- 
XK)nent parts, according to the action of the water at different points. 
Sometimes the excrescences are so minute and so densely crowded as to 
appear globular, giving an irregular surface much the aspect of a coarse 
oolite or pisolite ; other masses, often more or less like small imbedded 
bowlders, present an appearance upon the upper surface, in many respects 
similar to the finer varities of Meandrina^ or ^^ brain-coral." In the wash 
at a little distance from the geyser, a beautiful specimen of snowy- white 
silica was obtained, which h^ been honey-combed by the solvent action 
of the hot water passing over it. There is more or less of variation in 
the quality and texture of the deposited material, as is shown by the 
difi'erences observed in successive layers. Some of the geyserite is pure 
white, some brown, and green, pink, and even black, are not unfrequently 
seen in spots or in distinct layers. 

It should be remarked, that notwithstanding the expressed contrary 
opinion of Dr. Hayden, based upon observations of several eruptions, the 
writer is strongly in favor of the idea that the Grand Geyser is to some 
extent in sympathy with the three following, for reasons which will be 
suggested beyond. 

19. ♦ Turban Oeyser. — Just above the Grand Geyser and but a few feet 
distant there is an oblong pit ten by twenty feet and six feet in depth, 
with a large passage at one end through which it is fed from below. 
Shortly before an eruption, as is common in the geyser basins, the water 
rises so as to fill the pit. At 4.09 p. m., August 25, during one of the 
spoutings of the Grand Geyser, the water in the Turban was agitated, 
boiling up in a powerful throb to a height of three feet, with occasional 
protracted spurts varying from twenty to thirty feet. At 4.12.5 the 
water recededjfar down the subterranean passage; at 4.17 p. m. vapor 
ascended, followed by water at 4.17.5, after which the agitation was 
variable in degree, being coutinue<l without interruption until 5.40. 
Frequently during the eruption quantities of water poured over the rim 
of the bowl, a considerable portion fiowing directly into the mouth of 
the Grand Geyser, and apparently producing an important effect upon 
the action of the latter. 

The Turban is named from the occurrence of large globular masses of 
geyserite within the rim, which are ornamented in such a manner as to 
suggest the form of the Turkish headdress to one of an imaginative 
turn of mind. A. fine-grained mechanical deposit taken from near the 
bottom of the pit after the eruption resembles a piece of sponge with 
minute ^^ pores,'' (inhalent apertures,) and quite large ^^ oscula," (exhalent 
apertures.) In general, the deposits are coarser and quite firm in texture. 

20.* Saw-Mill (f) Geyser*— Jn^t beyond the Turban, down-stream, a 

• The Saw-MiU Geyser laid down od Haydeb's Map of the Upper Geyser Basin, pub- 
lished io his report for 1>:^1, is not the one referred to here, but Dr. Peale aud otners 
have used this name in such connection as to lead me to suppose that this is the one 
to which the name is applied in their works. 
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sniull orifice, not more tbau 5 or 6 inches id diameter, woald be over- 
looked if not observed during an eraption. Tlie mixed vapor and 
water ascends in a vigorous Jet several feet in lieight, with a kind of 
imfling noise, or, more properly, with a sound like the coutinuous escape 
of steam nuder pressure, interrupted by occasional sudden puffit, when 
the column ascends to a height of 10 or 15 feet. The puffing noise is 
also present as the eruption dies oat by successive irregular spurts. 
On the 25th of August, this geyser began to play quite suddenly at 4.11 
]>. in., ceasing action with the Turban and the Urand at 4.17.5 p. in. 
Vapor again issued at 4.18, and water at 4 19, the eruption continuing 
constantly until the others also ceased, at 5.40. 

21, § Tardy Geyser. — A fourth vent near tbe Saw-Mill (T) gave rise to 
a sniull jet during the height of the second eruption of that geyser, aud 
it may lie but a waste-pipe for this when full. Tbe Tanly Geyser began 
to play about 4.26.5 p. m., August 25, and continued in action nearly to 
5.40 p. m. The water rose to a maximum height of only 3 feet above 
tbe surface. 

22, 23, 24. § Trinity Oeysers. — This name is used for convenience in 
designating three bowls, which have, i>erhaps, been otherwise named. 
So far as can be determined, however, from any writings upon this 
subject, no record of any eruption has been published. We had left the 
vicinity of the Grand Geyser late in the afternoon of Aagust 25, and 
were hastening to our camp at the upper end of the basiu, when we 
were startled by tbe eruption of another geyser at the edge of a broad 
terrace just above us. This began at 6.30 p. m,, coutinuiug till C.35.5 
p. m. The water proceeded fi-om a mound raised some 3 feet above the 
terrace, having a diameter of 5 or 6 feet. The water reached a height 
of T5 feet or thereabout. Another geyser very near spouted at 6.33 
p. m., ceasing wholly at 6.35. This had a similar orifice and chimney, 
not quite as high as tbe preceding, but the column of water was of 
nearly the same dimensions. A third geyser, with little or no raised 
walls, but with a fair-sized pool, but a few feet from the others, spurted 
.It 0.37 for a few minutes, throwing the liquid about 60 feet iuto the air. 
J'rorri their iinparent eouuettioii they have reueivfil tlie provisional 
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DIFFEBENOB BETWEEN HOT SPRINGS AND GETSEBS. 

Hot Springs. — ^We have seen that in some bowls which have been 
classed as mere thermal springs there is more or less of constant or 
periodical eraption. A careful examination, however, will almost inva- 
riably show a marked difference in the character of the phenomena 
attendant upon the projection of the elevated liquid. 

In the ordinary hot spring the spurting of the liquid, when it occurs, 
is owing to a resistance offered to the direct escape of the expansive 
force from below, and this resistance may be found in the tenacity of the 
liquid contents of the bowl, in the untoward shape of the bowl or its 
connected passages, or in the sudden restriction of the orifice near the 
surface of the liquid. In either case the uprising force is condensed, 
as it were, near one point, and the spurt or eruption is caused by the 
sudden overcoming of the tension when the force has become sufficiently 
concentrated to free itself from its confinement. Thus we may meet 
with a great variety of spoutiug thermal springs, resulting from two or 
more of these causes combined, and the force may be produced by heat 
alone or by the evolution of carbonic acid or other chemical change in 
addition. (See Fig. 38.) 

Geysers, — The phenomena observed in connection with the typical 
geyser, however, do not admit of such a simple explanation ; and there 
is much doubt whether existing theories are sufficient to accouut for 
all the common manifestations of such agitated bowls. Almost without 
exception, in the true geyser, the action, whether frequent or the reverse, 
is intermittent, although the successive periods in each case may be 
quite irregular. Without entering upon a lengthy discussion of this 
interesting subject, it will be necessary to enumerate several of the pe- 
culiar features of geyser-eruptions which serve to distinguish these 
bowls from the mere eruptive therm al sp rijigs. Usually, as the first 
indications of an approaching eruption, there will be noticed an escape 
of vapor, soon followed by a sudden rising of a mass of water sufficient 
to fill the surface-chamber of the geyser. The phenomena which follow 
are very largely the result of structural features of varying nature, no 
doubt, but it will invariably be found that the eruption takes place 
near the center of the bowl, and that the elevation of the column of 
water is accomplished by continuous or successive throes from one spot, 
while in the ordinary eruptive springs the column is seldom shot up- 
ward from the same point twice in succession. We must, therefore, 
believe that the propelling power in the geyser acts temporarily and 
suddenly, while in the common hot spring, quiet, boiling, or eruptive, 
constant or periodical, the force is evolved with considerable regularity. 
The idea which the writer desires to convey will be rendered more evi- 
dent by the comparison of Figs. 38 and 39. Fig. 38 shows the supposed 
section of a common eruptive spring; and it will readily be seen that 
jet« may even occur in cold springs of this structuriB, provided a quan- 
tity of carbonic-acid or other gas is struggling to free itself from beneath 
the ledge at o. In Fig. 39, which is intended to represent the supposed 
condition of the subterranean geyser-waters in the first stage of an 
eraption, the reservoir a is supposed to contain water which remains 
in equilibrium nearly at the level ss. By constant accessions of heat 
from below, the vacant passage above is finally filled with vapor, and 
by degrees the water in the bent passage e becomes heated, and evolves 
vapor also, as in o. After a time, the expansion of the vapor in 6 is 
able to overcome the combined pressure of the water and vapor in c and 
0, when the latter is forced out, followed by a portion of the water in 
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the reservoir a. The forcetbns expended, avacnum ia prodaced in 6 Ity 
the receding of the column of water in a, and the foregoing operations 




Fio. 36.— Ideal section or a tbermol eraptive-spring. The urows Tepreaent tbe 
<1irection of the action of the subtemoean force. Tbe chauDel in constricted U e oe 
liie entrance of tbe BUTface-bowl. 1, 2, ;l represent tbe vaiiable positioDS of sncocaaiv, 
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cases, or even ia different eraptions of the same geyser, appear to the 
' writer to require but slight modifications of the section, and none that 
are of great importance. The passage c may be kept filled with water 
by means of the sarplas which falls back into the bowl. 

Bansen's theory of geyser action, which has not 3'et been proven inade- 
quate to explain the more prominent features of eruptions, does not seem 
sufficient (to the writer) to account for all the differences between 
the geyser and the mere hot spring, but it must not be inferred that 
such excellent authority is disregarded. On the contrary, the author 
proposes the structural hypothesis simply as a supplement to the super- 
heating theory of Dr. Bunsen, in oitier to explain surface phenomena 
common in the Fire-Hole basins, which appear to require an extension 
of his views. At the same time it must be confessed that there are ob- 
jections to his theory, based upon these observations, which are diflftcult 
to reconcile. It will be impossible to present these here, but an outline 
of the theories in question is appended. Bunsen has shown that an 
eruption may be artificially produced by introducing steam near the 
base of a long, narrow column of water, which causes the water, as it 
rises under pressure, to become superheated, the surplus heat being 
used for the production of more steam, which adds to the elevating force. 
His admirable theory, of which the above experiment is an illustration, 
is based upon a series of ingenious observations among the hot springs . 
of Iceland. Bischof adopts an opinion almost identical with the struct- 
ural hypothesis here proposed, and the present author, it will be remarked, 
combines the two theories, believing both necessary to explain all the 
facts observed. 

ORIGIN AND PRESENT SOURCE OF HEAT-SUPPLY. 

It is not to be doubted that the origin of the heat evolved in these 
springs must be sought in the causes which have led to the pouring out of 
the immense floods of igneous material which now cover the area over 
which they are distributed ; and yet there are so many elements of nn- 
ceri^ainty connected with the distribution of the bowls that a thorough 
discussion of the subject would scarcely be possible, were it advisable ta 
enter upon it here. The present source of the heat-supply is equally 
difiELcult to determine on account of the very meager knowledge which 
we possess of any of the phenomena, as well as our ignorance of the 
intimate geological structure of the district. We have now learned just 
enough to make further investigation most desirable, and it is to be 
hoped that measures may be taken without delay for the prosecution of 
researches in a field which promises results of most extraordinary impor- 
tance if properly cultivated. 

Chemical changes^ &c. — While it is probable that the seat of the heat- 
supply is far below the present surface, there is every reason to believe 
that the character and intensity of the eruptions are very much influ- 
enced by the supply of water from above ground, and some data were 
collected which seem to prove that certain chemical changes under 
ground produce a very appreciable effect also. Carbonic acid certainly 
exerts a power in the propulsion of the water in not a few of the springs, 
and its similar action in some of the geysers is much more than suspected. 
Some faints of the results of analyses of the various thermal waters, 
kindly furnished by Dr. Heizmann, lead to suspicions of like results 
caused by other chemical changes, but little is definitely known concern- 
ing them. 

H. Ex. 28o 17 
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MISCELLANEOUS NOrES. 

Oeyserite pebblex. — As remarked Id several placeain tliis cliapter, many 
of the principal geysers in both basins of the Fire-Hole Itiver are sur- 
roiindetl by sballow pools iu wbicb are found well-woru pebbles of 
St'yserite, witb more or less of a conceDtric atracture. These were at 
lirst supposed to be accretions formed by tbe continual addition of silica 
I'lom the falling water. Careful observation and tlie subsequent study of 
Ibe various mecbauicul deiiosits have led me to an opposite conclusion, 
however. Many of these pebbles are polyh«Iral, but the couceutric 
liiycrs of these, as in other cases, are arranged in bands, witb oval or 
I'ii'cnlar eross-sections, not corresponding with the external conBguratiou. 
Moreover, an examination of the externallayer of polyhedral specimens 
shows that it has been worn »way in parts, proviug conclusively that 
the j)el>b1eR have been reduced from forms with a more or less curved 
outline. These pebbles have, therefore, been worn down to their present 
sliai>e, by attrition iu their pools, and they have no doubt been first 
formed as ordinary mechanical deposits, in the form of protul>erances 
over the general surface, or as divisions of a tesselated patch, like por- 
tions of the platform near the base of Old Faithful Geyser. (No. 12, this 
t'bapter.) 

Silkijied icood. — That a very large portion of the petrified woo<l now 
found in the volcanic district has become so without tbeint«rveutionof 
thermal springs is scarcely to be doubted in the light of the abundant 
evidence which has been gathered of the more direct action of the waters 
percolating through the igneous material. Still we are, perhaps, not 
warranted in adopting the conclusion that the process of siliciflca- 
tion was necessarily widely different from that now in progress in the 
vicinity of many hot springs, for it is probable that very much, if not 
all of it, was accomplished by the actiou of heated water. (See chapter 
IX.) The amount of petrifaction now taking place about the thermal 
stmngsis comparatively small, though in some localities a considerable 
quantity is subjected to the influence of the water. The process is more 
complete an{l uniform in the jieighboihood of tlie quieter bowls than 
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interest what can have caused such an increase in their intensity. No 
facts can now be given to aid materially in the solution of this problem, 
bat it may be stated, in closing this lengthy review of the subject of 
thermodynamics, that this is but one of a hundred equally interesting 
subjects which press upon the attention of the investigator in these 
parts. When it is considered that all the facts which have thus 
far been gathered have iJeen recorded during the driest season of the 
year, and that no observations at any one locality have extended over 
a period of a single week, it may be well esteemed most fortunate that 
we have even gained the little knowledge which we now possess of these 
remarkable phenomena. May the day be not far distant when a com- 
plete series of careful, constant, extended, and connected observations 
may be undertaken, to be continued through all seasons for a number 
of years. 



CHAPTER XIV. 

ARCHEOLOGY, WITH MANNERS AND CUSTOMS OF EASTERN SHOSHONES. 

I. Archaeology — a. Wrought flakes — h. Spear-heads and arrow-heads — c. Stone circles 
and other relics of san- worshipers {iy-d. Stone colnmns, graves, &c. — e. Rock- 
inscriptions. II. Eastern Shoshones or Washakie band — a. General and social char- 
acter-->&. Traditions and saperstitions — o. Expression of emotions — d. Society, 
government, &c. — e. Musical expression—/. Ornament and "medicine^' forms. 

There are very few portions of our western territory which do not 
furnish some evidences of the former existence of Indian tribes other 
than those now occupying the giveu areas. Relics of various kinds are 
not absent from the district now under discussion, although such are by 
no means extremely common in this region. The present and the follow- 
ing chapter are devoted to the very brief discussion of those which have 
come under the notice of the author, together with some account of the 
manners, customs, and language of the present inhabitants of the Wind 
River Valley, commonly known as Washakie's band, or Eastern Shoshones. 
The material for this review, with one or two exceptions,* consists 
entirely of personal notes obtained on the march and in camp, in the 
intervals of more pressing duties, as much time as possible being 
devoted to the examination of archaeological relics wherever they 
occurred during the trip. It was originally proposed to present this 
material in a series of several chapters, but this has been rendered 
impossible for lack of the necessary time for its complete elaboration in 
connection with outside labors. 

I.— ARCH^OLOGICAL NOTES. 

The relative age of the several varieties of the remains to be described 
under this head may, perhaps, be capable of determination when suffi- 
cient data have be^u gathered, but it will readily be acknowledged that 
this is now im[)ossible, when it is considered that all the accumulations 
are superficial and separately distributed, so that two distinct forms are 

* Dr. J. Van A. Carter, of Fort Bridger, who is well posted concerniuR the habits and 
language of the Shoshones and neighboring tribes, has kindly furnished a few notes 
"which nave greatly aided in verifying my own, njion the dialect of Washakie's band, 
besides enabling me to obtain additional hints as to the structure of the language. 
Wherever comparisons are made with other tribes, due credit is given to the authorities 
quoted in the text. Mr. J. D. Putnam obtained for me a small list of words from one 
i>f onr scouts, most of which were verified by comparison with my own notes. 
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seldom or oever foaad io odo locality. We will, therefore, group them 
according to their character, coDStderiDg tbem in their order of occur- 
reucc along thtt trail of Caplaio JoDes's party. 

a. — WOKKBD FLAKES OP QUAETZITE AND OTOEB MATERIAL. 

The sonthero portion of the Green Eiver, or Britlger Basin. Las the 
surface strewn with numerons fragments of variona rocks, mostly of 
small size. The greater number of these possess no featnres of special 
interest, being evidently the mere accidental products of the natural 
wear and tear of bowlders in transitu, or of rocks subjected to sudden 
great changes of temperature. Not a few, however, so closely resemble 
the rough itakes which are produced by striking off small chips upon 
both sides of a median line that scarcely any one who might view 
them by themselves in a cabinet would be disposetl to question their 
artificial origin. 

Prof. Joseph Leidy has figured and described a number of these 
wrought Hakes in Haydeu's lieport for 1872*. In speaking of them ho 
says: "These with little donbt may be viewed as rude implements of 
art. The vast numbers of similar stones to be found on the buttes and 
plains near Fort Bridger, and their gradation to undoubted accidental 
fragments with which they are mingled, alone renders it improbable 
that they should be considered as such." 

We can add little or nothing to his careful obeervatioDS upon the 
subject, but a little space may, nevertheless, be occupied with a de- 
scription of these relics and their distribution and mode of occurrence. 

The form and size of two average specimens are clearly shown in 
Figs. 40 and 41, which also afford examples of two of the most com- 
mon rock varieties observed among the workeil fragments in the neigh 
borhood of the Cintah Mountains. Fig. 40 represents a flake oi 
dark, glistening quartzite, with a corroded appearance over a surface ol 
fracture. Fig. 41 is drawn from a specimen composed of a fiuer- 
grained variety of quartzite, of a much lighter color, approaching green 
isli-gray. 





fig, 40. — Workvd flak* of dark jupeiy qiwrtzlta from northam bMt of Uintah Mts., 
Graan River Baiin. Natural mm. 




&&■ J "^" ' >B - 



Fig, 41.— Workad flaka of light graanith-gray quartiita from northam baaa of 
Uintah Mta., Grean Rivar Batin. Natural Sba. 
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weapons and other implements of stone, many of which now lie scattered 
over a wide area, including the territory embraced by our reconnaissance. 
It is interesting to note that the material of these fairly-fashioned tools, 
as observed northward along our trail, bears a striking resemblance to 
the rocks and the rade flakes collected near the northern base of the Uin- 
tabs. In fact, not a few of the spear-heads and arrow-heads mentioned 
beyond could not have been obtained at any point nearer their observed 
positions tfean the southern portion of the Green Eiver Basin. Again, cer- 
tain articles of a very rude character are still in use to some extent among 
our western Indians, and even in the cases of such tribes as have now 
entirely discarded the implements of stone and bone, relics of such ma- 
terial are not uncommonly found in graves which cannot be regarded 
as ancient. The Shoshones, though mostly provided with tools of iron 
and steel of approved patterns, are still to be seen employing, as a 
scraper in the dressing of skins, a mere " teshoa," consisting of a small ' 
worn bowlder, thinner at one end, split through the middle in such a 
manner as to furnish a rough cutting-edge at one side. There seems to 
be a considerable advantage in this over any form of knife or other 
tool which has yet reached them from withoutjand it is probable that it 
will be retained so long as their present method of preparing hides is in 
vogue. 

As a possible offset to the foregoing remarks, it may be mentioned 
that nothing can be learned of the origin or use of the flakes from the 
Indians themselves, who appear to know little of them, or, as Dr. Car- 
ter observes, they regard them as ancestral possessions bestowed 
by the Great Spirit directly. 

In estimating the value of this element in the determination of the 
age of these relics, it should be borne in mind that the traditional 
method of communication is not prevalent among the tribes of the Sho- 
shone Group. But we have barely touched upon the salient points of a 
subject of great interest, which requires more careful observation and 
comparison for its farther elucidation. We pass somewhat naturally to 
the next topic. 

i>.— SPEAR-HEADS AND ARROW-HEADS. 

Our rout« from Fort Bridger to Gamp Stambaugh lay along the line 
of a road which has been iuuch traveled by foot-passengers in the past, 
and very few of tiie stone weapons which have doubtless been strewn 
widely over the Green Kiver^ Basin by the tribes which have roamed 
and fought over its area were observed by members of the party. The 
ever-shifting sands have probably buried large numbers of these imple- 
ments also, and it is only in peculiarly favorable situations that they 
are now exposed at the surface. As before mentiond, well-formed spear- 
heads and arrow-heads may be obtained from many localities in the 
neighborhood of the Uintah Mountains, where they lie more or less im- 
bedded in the compacted surface-layer, upon the summits of benches, 
or in the vicinity of hollows, which offer attractive and sheltered situa- 
tions for camps. North of the Union Pacific Eailroad, there are very 
few chances of obtaining such relics, except upon the tops of rocky 
buttes or benches not covered by beds of the Bridger-Eocene formation. 
Fig. 42 represents in outline, with cross-sections taken at base and apex, 
a portion of a Rpearhead of gray qnartzite, not greatly differing from 
the material of the flake illustrated in Fig. 41. Very few of the im- 
plements made of this material appear to have long retained their origi- 
nal form in totoy but the ends are usually more or less fractured, as in 
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figs. 42-44. TVbile ruDning a topographical base-line across the plaiu 
near Camp 10, Mr. Le Hardy obtained a fragment of a spear-head of 
similar substance, three 
•'O* or four times as large as 

that of Fig. 42. Captain 
Jones picked tip a beaa- 
tifnl arrow-bead, very 
small, of clear opal, from 
the slope of a Ion- terrace 
bordering the North Fork 
of Popo-Agie Kiver, at 
Camp 17, (Wind Biver 
country, southeast of 
Camp Brown, eightiuiles.) 
The fragueut siionn in 
Fig. 43 is a portion of an 
uncertain vreapou, vhich 
Nt my frequent companion, 
Pinatsi," picked np of bis 
own acconl from the top 
_ of a very high ridge which 

F,G.42.-Tn.c«d optliD. of » br«k«n «pear-hMd ^[•^eh^d^BC^nded together, 
zraj qnartzite from » blnff on Little Sandy Creek, one- "O''" « t^e trail between 
half mile nortb of CunplO.Grern River Bneiu. ad, bc,Cam[)S 24 and 25, among 
sectional ontlines at J J> and BC. the foothills Of the Owl 

Creek range. He seemed auxious to inform me of its origin, with- 
out any hint from myself. Not being able to recall the name of the tribe 
to which be would refer it, I ran 
over a list of several well-known 
Indian natious, including ! 
which had previously roamed 
over this territory, to all of which 
he gave a negative answer, but, 
siiddeiily brightening, ' 
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picked np by one of the cavalry escort at our camp on Pacific Creek, 
just below the Two-Ocean Pass. An unbroken arrowhead of pure chal- 






FiG. 44.— Outline of spear- head, with end sections, from the basa of a clifif of Trias- 
sic bods, beyond Camp '^, at southern base of Owl Creek range. 

edony, of the form given in Tig. 46, lay within a few inches of the trail, 
half way between (3amps 53 and 54, not far from Atlantic Creek. Tbo 





Fio. 45. — Outline and end sections 
of an obsidian arrow-head. The in- 
ner line of the section X is the basal 
cross-section of the shaft, or neck, of 
the implement. Locality, Camp 54, 
on Pacific Creek. 




Fio. 4G.— Outline, with end sections, 
of an arrow-head of pure chalcedony 
obtained on the trail between Camps 
.^>3 and .54, near Atlantic Creek, tribu- 
tary of Upper Yellowstone River. 



material of which this is composed is very abnndant in regions of Tertiary 
exposures, and the arrow-heads are usually of extreme beauty, being much 
more perfect^nd symmetrical than one would suppose it possible to manu- 
facture from such a substance, while a sharp ai)d jagged edge is secured 
which cannot fail of accomplishing its intended purpose, when skillfully 
used. No direct clew to the age of these relics was obtained, nor is it pos- 
sible to offer any well-founded opinion with respect to the tribes by 
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Mbich they were employed. It may be said, however, that there is 
little reason for oonsideriiigtbemlD any degree ancieut, for they vere all 
foiiDd lying upoD the surface of the ground, and mostly showiDg scarcely 
any signs of weatheting effects. On the other hand, few, if any, are 
to be regarded as very recent, for all were more or less firmly settled ju 
the soil, and it cannot be positively asserted that they had not laiu 
in their observed positions for a centnry or more. Few would be dis- 
posed to regard them, probably, as other than relics of the Iforth Ameri- 
cau IndiaDS, with the exception, perhaps, of such as were allnded to 
as occurring in parts of the soothern portion of the Green Kiver basin. 
JJo weapons of stone wore observed in use by the Shoshones, although 
many of the boys were provided with bows and arrows, with sharpened 
iron or steel heads for the latter, of the pattern commonly adopted by 
the western tribes. This consists merely of a thin blade of about the 
form and dimensions shown in the annexed cut, (Fig. 47,) sharpened 

iilong the entii-e edgo, exeept at the basf . 

Occasional variatious in the outline may 

be observed, and the eizo is somewhat 

variable itlao. 

C. — SETOSE CIKCLES, TKIAKGLKS, KIT. 

Since our return from the fii'ld, Pro- 
fessor E. D. Cope has presented a paper 
to the Philadelphia Academy of Science, 
in which he describes several circles of 
stones observed by himself in the neigh- 
borhood of the Uintah Mountains, in 
form and size, as well as in their mode of 
construction, these all appear to differ 
from those which fall to be described in 
Ihim pUice, and indeed, no exactly similar 
works have been discovered elsewhere. 
3 far as can be learned fi-om the perusal 





Fig. 4B.— Shatch of a nid* (ton* circl* on * bluff on r^ht b«nk of Littrs Wind 

River, teuth of Butta Spring*, tMlow Camp Brown. 

Dimannont, 3x6feat, iniida. 



> 
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the butte npon the sainmit of which it is located. The naniber of stones 
is nearly as great as in the former instance, but they are more closely 
crowded. Unfortunately the topographers' monument was built directly 
upon one side of this circle, two of the stones beyond being also taken 
to build the pile; hence the writer cannot state positively the number 
of pieces in the ring. The opening, as before, is toward the east. The 
butte on which the circle rests is a prominent landmark, though soon 
shut out from view northward, and it offers a commanding position for 
such a structure. This hill lies less than a mile to the east of our trail, 
midway between Gamps 19 and 20. 

In both cases, rather noticeably, the rings are so placed that access 
to their level is quite difficult from the west, while the eastward pros- 
pect from the flat^ below is shut off in such a manner as to allow of an 
earlier view of the risiiig sun from the more elevated point. It may 
not be hazardous to regard tliese inclosures, with others to be men- 
tioned directly, as relics of a race or tribe of sun- worshippers, although 
we have now no data for assigning them to their proper period or peo- 
ple. They are certainly not very recent, and the Shoshones are unable 
to account for them, except by referring them, as usual in cases of 
doubt, to the agonc\' of the Great Spirit, or '' Tam ApaP 

On the left bank of Wind River, below Gamp 58, and a short distance 
above the entrance of De Noir Greek, there are a number of irregular 
hillocks or small moiind-shaped hills, which overlook a comparatively 
level area, which offers an attractive spot for temporary camps, but 
which would scarcely be selected as a site for a more permanent abid- 
ing-place. Several of the hills are crowned with low piles of small 
stones, which furnish but little evidence as to their significanee, but the 
arrangement observed on the summit of one of them, perhaps the most 
conspicuous, deserves special consideration on account of its apparent 
relation to the circles before described. The positions of the three 
clusters of stones in this relic are indicated in Fig. 49, by the letters 
A, B, G. It will be ob- ^s 

served that the base of ^ 

the triangle is open 
toward the east, and it 

has occurred to the writer c@ ^"* ^^ 

that these also may have 
constituted the hastilv 
improvised temple of a 
tribe of sun-worshippers 
temporarily encamped in 
this vicinity. Even were 
the neighboring flats not 
wholly unsuitable for a (m 

L^««' ^^-^^..^ui^ \l^A «i^ Fig. 49.— Ancient nionameuts, Wind River VaUey, 
more favorable and ele- ^bove mouth of De Noir Creek, A, B, C. Heaps or 
vated situations for the clusters of smaU bowlders. Distances estimated: A, B, 
construction of circles are 30 feet ; B, C, 50 feet ; C, A, 50 feet. 

not wanting at a little distance. The corner heaps are not large, con- 
sisting of from two to four rough bowlders of small size, merely thrown 
together. Whether the single clusters of the same nature upon the 
surrounding hillocks are identical in origin it is not easy to determine, 
but it may be remarked that all are easterly from the locality in which 
the favorable camping-spots occur. 

The author is unwilling to ))re8s too closely the theory that these 
circles and triangles have been used in the worship of the sun, although 
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it iii!),y be difficQit to account for tUeir locations and tbe poijitiou of 
tlieir openiogij on any other supposition. Again, altliongh tbero is 
every reason to believe tbat tbe origin of tbeso relics is not of recent 
date, it must be confessed that inucb too little is known of tbe historical 
cthnograpby of the West, and there is danger of giving nndue credit to 
matters of little importance in themselves. 

Sir John Lnbbock," in speaking of tbe cromlechs, or circles of nprigbt 
stoned, found in several parts of the world, suggests tbat tbe number 
in each circle may have had some significance, and he credits Dr. 
Thurnam with the statement that " four circles at Boscawen and adja- 
cent places in Cornwall have each been formed of nineteen stones." It 
is a coincidence not necessarily anything bat accidental to And the 
same number in tbe oval inclosiiru (Fig. 48,) though tbe ring wonid have 
bcL-n as complete with less. 

d. — MOKUMESTS, GHA^'ES, ETC. 

Pillars or columns made of small, flat stones several foet in height, 
.ire common aloiigthe wagon-roads which traverse the Green River Basin, 
but these are known in many cases as iand-marks established by the 
early Mormons *ho marked out the course to be pursued by the con- 
verts who were to follow them across the plains on their way to tbe 
Salt Lake Valley. Not a few of those monuments have, perhaps, also 
been built by members of the various topographical parties which have 
" triangulated" over this area since tbe date of tbe first e 2 pi oration of 
tbe region, and a goodly number were added in 1873, by our own 
corps of surveyors. None of these structures werc observed along oar 
route which furnished any indication of a different origin, until we 
had passed beyond theOwl Creek Mountains, and penetrated tbe rugged 
area lying between Owl Creek and Gray Bull Biver. At a point where 
the trail led through a peculiar gap in a complicated series of blufly 
hills, about three miles before reaching Camp 27, there was a consider- 
able mound of loose fragments of white and red sandstone obtained 

lite near. There coahl be no doubt that these stones were placed iu 
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32, on the left bank of North Fork of Stinking Water Eiver. This 
consisted of a low mound of loose stones lying nearly east and west, 
\?ith an irregalar and broader heap extending a few feet northward 
from the eastern end. Oar Shoshone scout, Kakok, stated that this 
was the burial-place of a Blackfoot (!) warrior. The stones were small and 
somewhat broken, having been taken from a collection of washed frag- 
ments of limestone spread out over the bed of a flood-stream, which 
was dry when we passed. Digging down the length of my arm, the 
stones were found gradually becoming smaller below, and mixed with 
loose earth, but no human remains nor trinkets were discovered. From 
the appearance of the adjoining heap, a horse may have been buried 
near the foot, apparently at a right angle to the warrior's body. 

The position of the Indian's body, lying nearly in an east and west 
direction, may be not wholly accidental. G. Catlin,* speaking of the 
burial customs among the Mandans, after describing the construction 
of the scaffold, remarks, '* The body is laid • • •on its back, 
with its feet carefully presented toward the rising sun.'' The smaller 
mound in this case, as before stated, had what appeared to be the foot 
toward the east. 

Human skeleton. — While at Camp 28, on Gooseberry Creek, (Shoshone 
Plateau,) Burt, one of the cavalry escort, brought in the skull of a white 
man, which he had found on a hill-side near one of the lookout stations. 
He reported that he found lying with it, at the surface, the prominent 
bones of the skeleton and laid them together in a secluded spot. Wo 
were unable to find these by careful search on the following day ; but 
a story is current among the Indians of the killing of a white man near 
this locality not many years since, one of three,, it is said, who had 
been driven into the ravines, the others having escaped. 

e. — HIEROaLYPHIC ROCK-INSCRIPTIONS. 

In the Smithsonian Report, 1872, (page 409 et seq,,) Mr. J. G. Brnff 
gives two views of Indian rock-carvings from the upper portion of the 
Green Eiver Valley, at some distance northwest of our line of march. 
These are much more perfect in construction, as well as more true to 
nature, than any which were observed by us. In fact, none were 
noticed along our course until we had reached the Little Popo-Agie 
Eiver, in the Wind Eiver country ; and all that were seen by our party 
occurred within the limits of the Wind Eiver Plateau. 

On the left bank of the Little Popo-Agie, just across the road from 
Fletcher's ranch, above Murphy's, there is a small cavern in light, buff 
sandstone, which might shelter from three to five men. The mouth of 
this is well barricaded by a low, curved wall of large, flat stones, placed 
on edge so as to afford almost complete protection in case of an attack, 
provided that the besieged were well armed. Inside, on a kind of ledge, 
a few twigs and leaves were seen, leading to the conclusion that the 
retreat may have been used as a place of incantation by some Indian 
medicine-man. On the face of the cliff, above the entrance, and a little 
to the left, arc three hieroglyphic figures, mere daubs of black paint, 
two being long, thin, characteristic representations of horses, and the 
third resembling a tapiroid animal without a proboscis, which was 
probably intended to represent a mule. 

Upon a nearly vertical wall of the yellow sandstones just back of Mur- 
phy's ranch, at Camp 16, a number of rude figures had been chiseled, 
— . t 

• " North American iDdians/' Vol. i, p. 89. 
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a])pareQtI; at a period not very recent, as tbey had become maoh worn. 
Tlie greater number of these are shown about one-fifth of their size, lu 

t 

b ' c e 



Y\'i. 50. No certain clew to the connecteii meaning of this record was 
iiblaiiicd, althongh Pfiiatsi attempted to explain it when the sketch was 
sUowa to him some days later by Mr. F. W. 
Boud, who copied the inscriptions from the 
rocks. The figure on the letl, in the upper 
row, somewhat resembles tbe design com- 
^monly used to represent a shield, with the 
prealer part of the ornamental fringe omit- 
ted, perhaps worn away in the inscription. 
We shall possibly be justified in regarding 
the whole as an attempt to record the par- 
ticulars of a fight or battle which once oc- 
curred iu this neighborhood. Pinatsi's re- 
marks conveyed the idea to Mr. Bond that 
he understood the Hgure marked h iu tbe 
cut lo signify cavalry, and the sis figures 
marked c, to mean infantry, bitthe did not 
appear to recognize tbe hieroglyphs as the 
\ copy of any record with which he was famil- 
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2^0 iDformntion was obtained vliich caD aid ia solving tbe problem of the 
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age, or Bigniflcance of the picture-writing, as a wliole, tboogh tlie 8[>ecial 
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moaning of certaia desi{rii8 may be inferred from their form, as in tbe 
<.-aRe of tlie many represented in Fig. 50. 

The only remaining instance of rock-scnlpturing observed over our 
ronte nas a set of rough etchings in the upper portion of the valley of 
Wind Giver, ou the letl bank, in the face of a cliff of soft buff-colored 
sandstones, nenr the mouth of a creek which enters Wind Kiver a short 
difttiince below Camp 59. These are given in Fig. 53, so far as they 
could bo made out, no signs of others being visible. Pf natsi was shown 
the copy of the.so in ray notebook, and he remarked that they were in- 
tt'iided to record the particulars of a fight between the Cheyennes and 
Uboshoues some years since, in which (of course) the latter were victo- 
rious. As nearly as could be gathered from his efforts at description, he 
stated that the npper figure on the right represents a shield, and a 



^-/ 




Kiniilar desigu is rather commonly noticed in many of the engravings of 
hieroglyphs iu the works of authorities on the customs of North Amer- 
ican Indians. It would he unwise and fulile to attempt any close gen- 
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IL— MANNERS AND CUSTOMS OF WASHAKIE'S BAND OF 

EASTERN SHOSHONES. 

One of the most important, and now amon^ the most widely-scattered 
groups of Indians inhabiting the territory of the United Stites west of 
the Mississippi, comprises a large number of hostile, semi-hostile, and 
friendly bands, extending in patches from Oregon to Texas and from 
the Missouri liiver to the Pacific Ocean. In the lingual classitication 
of the North American Indians adopted by SclK)olcraft, his fifth division, 
or " Shoshouee group, comprises the Comanches, Shoshones, Snakes, 
Bonacks, and other tribes of the Rocky Mountains, the higher Red 
River, and the hill country of Texas.''* 

Numerous causes, among which may be mentioned the governmental 
policy of separating and intermingling the various tribes, have rendered 
this definition obsolete, and it would now be a difficult task to collect 
the statistics necessary for the enumeration of the numerous bands 
which properly belong to this group. The names SnaJce and Shoshone 
are interchangeable, and there are given in the report of the Secretary 
of the Interior for IS73 not less than thirty-one disimct bands which are 
affiliated by their language, comprising in all, (male and female,) only 
21,000 individuals. In many cases, where several bands are living upon 
the same reservation, they have been reported as one, hence the actual 
number of sects is much greater, no doubt. Even in the district trav- 
ersed by ourselves, we were frequently called upon in conversation to 
make distinctions between such companies as Washakie's band, or 
Eastern Shoshones, and £annocks, Sheep-Eaters, &c., which were sup- 
posed to be roving about. We were, however, thrown in contact prin- 
cipally with the inhabitants of the Eastern Shoshone Agency, at Camp 
Brown, although some glimpses of Utes, from the Uintah Valley Agency, 
Utah, wereobtained at Fort Bridger and in its vicinity. Fifteen Shoshone 
scouts were enlisted for the expedition at Camp Brown, who accom- 
panied us during the remainder of the trip, taking with them their fam- 
ilies and all their possessions, including a large number of horses. We 
also passed two days in the neighborhood of Washakie's camp, south 
of the Stinking Water River, whither he had preceded us with the 
greater part of his band, for the purpose of hunting buffalo ypon the 
plains. At odd moments upou the march, and when unemployed in 
camp, the following notes upon the habits, customs, and dialect of these 
ludians were gathered, and it has been thought that their paucity 
should not exclude them from publication, when the value of every fact 
bearing upon these subjects is considered. The opportunities for such 
observations are fast passing away, and the time will come when even 
little scraps of this nature will possess a much greater interest than at 
X>reseut. 

a. — General character a)id doinestic relations. 

The intelligence and susceptibility of cultivation shown by this peo- 
ple is quite generally remarked by those who have had occasi'on to 
observe them, and Washakie's band is, perhaps, especially noted for 
the possession of these traits. This is doubtless owing in large measure 
to the powerful influence of the chief himself, and partly to their subju- 
gation by the whites several years ago, which has made them realize 
their comparative weakness; but the Shoshones have held an enviable 

*H. R. Schoolcraft, " History of the ludiaii Tribes of the United States," vol. i, p. 197. 
( Bonacka, usually written Bannocks.) 
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ropntation, witli some few except ious, since tlie date of tbo early explora- 
tions, uotwithstanding the warlike propensities of the allied Coinauclies, 
and the degradation of many of the related Pa-Utes. Catlin writes: 
"Of the Sboshones and Shosoliies (Root-Diggern, Yampa-tickaras, [or 
Pa-lTtesT T, B. C]) all travelers who have spoken of them give them n 
good character, as n kind and hospitable and harmless people,"* and be 
<;ite8 in proof Rev. Mr. Parker, {"Tour across the Koeky Mountains,") 
Ivcwis and Clarke, and Captain Bonneville. "In their domestic rela- 
tions," as Dr. Carter observes, " there are olten cases of tender affection, 
and 1 firmly believe them Jis devoted to each other in all that ia practi- 
cal aaare more enlightened nations." The Army officers accompanying 
onr expedition, most of whom were familiar with the habits and customs 
of other tribes in the West, often expressed great surprise at the nu- 
merous exhibitiona of paternal and conjugal love which were openly dis- 
played without embarrassment or apparent sense of condescension. 
While, as is usual among Indiana, the squaws belonging to our scouting 
party were given the charge of domestic affairs, including the packing 
of luggage and the driving of the animals on the march, yonng children, 
especially the boys, were quite commonly carried long distances in their 
fathers' arms, or iafront of them on the saddle, and it wasvery commoQ 
to see one or more of the braves strolling about in our ciimps with their 
sons tenderly clasped in their arms. Very often, when rough shelters 
of boughs were made, the material was cut and brought to the spot by 
the men, and many little acts of kindness of a similar nature were fre- 
quently noticed. Cheerfuluess and gayety, approaching even to witti- 
iiess, are prominent traits of the mioshone character. An amusing 
instance occurred on the return-trip shortly before reaching Camp 
Brown which is worth relating as an illustration of the keen sense of 
humor often manifeated among them. Pinatsi, who waa so frequently 
an attendant of the writer as to earn the nppellatiou of his " man Fri- 
daj'," was riding quietly by my side, when I very soberly asked him, by 
way of a Jest, 'iPinatsi, aren't you an arrant humbngi" Without 
apprehending the question, flS he ntidcrstoott Etiglish but litlle, he 
mediately replied, "Yes, Gum-stock," (his pronunciation of Com- 
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the north."* Jesse ("liisholra, a Cherokee, who had lived among them, 
stated that*' his intercourse with the Comanches had impressed him 
with a high opinion of their intellect. ♦ ♦ * They have an un- 
wavering confidence in the Good Spirit."t Robert S. Neighbors writes: 

" The Comanches believe they have always lived near the same coun- 
try they now occupy, and they know of but one migration of their tribes, 
n)any years ago, when they traveled from the west and niet with what 
they termed 'Mountain Spaniards 'in the mountains of Xew Mexico. 
They lived with them many years and intermarried with each other. 
The tirst chief they recollect was Ish-shee-shu, (Wolf House,) a great 
and wise chief. They then lived in Mexico. From thence they visited 
the prairies for hunting and intermarried with the Wacos, Tah-wac-car- 
ros, Torinash, and branches of the Pawnee tribes. ♦ » # When 
they came from the west there were no people living in Texas. * * 
* * The first wlrites they saw were west of the Rio Grande del 
Norte.''t He also states that they are *' superstitious and worship the 
Great Spirit, and the sun, moon, and earth." Their ''shields are made 
in imitation of the sun, and before going to war they are stuck upon 
their lances, facing the rising sun, and no person is permitted to handle 
or touch them except their owners." 

Adam Johnston § says of the Bonaks, (Bannocks,) or Root-Dig- 
gers: || ** In all my researches among the Indians of this country, I have not 
found a single relic to mark the past. • * * They seem to have 
lived in this simple style lor ages past, depending on the natural pro- 
ducts of the earth for subsistence, and without a single means of record- 
ing thought or action — without idols, sacrifices, prayers, or iiilests." 

in the main these statements coincide so nearly with the results of 
personal observations among the Eastern Shoshones, as to warrant the 
supposition that these scattered tribes are nearly related, even without 
the confirmation afforded by similarity of language. Dr. J. Van A. 
Carter writes me from Fort Bridger as follows: ''1 have often searched 
for legends and the like, but without finding any which I regarded as 
reliably Indian. There was always something to suggest unbelief in the 
legend or tradition being purely their own — something to stamp it as 
originally from the fertile brain of some poet or novelist, which had 
gotten to the Indians by legend-hunters leaving with them what they 
couldn't honestly find among them. As far as I can see, there is no 
poetry among them." 

Legend of the Gray Bull. — The only legend which we were able to 
secure, is one which is current in the neighborhood of Camp Brown. It 
was first obtained from officers at the post, and afterward freely related 
by intelligent Indians without material alteration, but it could not be 
certainly ascertained whether it at first came from the imagination of 
white men or Indians. Some four miles or less above C.imps 21 and 22, 
a stream known as Bull Lake Fork enters Wind River from the right 
bank. This stream passes down from the mountains through a contin- 
uous canon, without a side channel for several miles. Soon after pass- 

• In Schoolcraft^w, " History, «fec., of Indinn Tribes," vol, i, p. 221). 

t •* Pacific K. R. Reports," vol. iii, part III, p. 35. 

t H. R. Schoolcraft, op. c((., vol. ii, p. 126. 

j Schoolcraft, op. cit.^ vol. iv, p. ^6. 

JThe term Root- Digger 9 , origiDally applied to a tribe called Shosbokios, living just 
west of the Rocky Moniitaius, in the present Territory of Idaho, bas jjcconie very 
iudefinito, and it is used indiscriminately to designate the poorer classes of several 
tribes of Utes and Sbosbones, wbo wander on foot, and are otu*n compelled to subsist 
apon roots. Their more fortunate brethren call them Yampa-Tickara, (literally. Root- 
Eater a,) 

H. Ex. 285 18 
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itig tbrough the skirting ridge of CarboniferouH limestone, it becomes 
Hwolleii into a beautiful slieet of water called Bull Lake, or nometiines 
(iray Bull Lake. Piissiug along tbe bottom of tlie gorge, one hears a 
low, roaring sound, not unpleasant, caused by tbe echo from tbe nish- 
ing water, wliicli passes over ii series of low cascades near tbe outlet of 
ttie lake. The northern sliore of tbe lake is walled in by a precipitous 
iind rocky bluff, clothed with a thickly scattered growth of serawliug 
cedar bashes. The legend has it that an old ludian, at midnight, in 
Ixit pursuit of a gray bull buffalo, iinally drives blm down the steep 
into the water, where the hunter also follows him, and bull, rider, and 
horse all disappear together. The roarings are supposed tobe the dying 
groans of the vanquished tmffalo. 

This hike and stream bave no connection with the Gray Bull River 
beyond the Owl Creek Mountains, and it is not impossible that there is 
some slight confusion in the Indian geography, provided the legend be 
legitimate. 

The Khoahones appear to believe in the Great Spirit, (Tarn A\}A=Tkou 
(7) /"fl^/id-,) and to bave faith in what may, perhaps, be apiiro|>riately styled 
a rude spiritual philosophy, though the almost entire absence of tradi- 
tions and legends seems to place them in ape<!uliarly receptive condition 
with respect to modifications of belief from tiuie to time. A single 
illustration of eacb proi>osition will sufQce to show this more clearly. 
The dead are usually buried in such a manner as to allow of the return 
of the spirits to visit their friends, as they say ; i. e., by covering their 
bodieslooselyvtith small stones. It is reported that their " Medicine- 
Man" once told tb em that the barking of dogs by night would drive 
away the spirits of tbe departed, whereupon theseanimals were excluded 
from the camp. This is remarkable indeed, for, as Catlin remarks, dogs 
" seem to be so near an Indian's heart, as almost to constitute a material 
link of his existence.'^ Dogs arc again coming into use with tliem, 
however, and they now bave about half a dozen in tbe whole baud, of 
which mention is made beyond. These Indians seem very superstitious 
and are much giveu to tbe use of charms and various forms of" Mediciue," 
as it is termed. 
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the lips, is common with the children when crying or snlky. I have 
also noticed among the children, particularly with two above fifteen 
years of age, a look of sallen obstinacy when noticed or patronized by 
the whites, which is quite different from the usual smiling greeting of 
the men and women. Can it be that this is an inherited trait ! The 
Shoshones were more or less hostile a few years since, and it may be 
remarked that this expression was much less common on the faces of 
the youngest children. " Knitting of the brows," or frowning, was re- 
peatedly observed when an Indian was puzzled, accompanied by a rapid 
winking of the eyelids, when confused or embarrassed. This incessant 
winking conveyed to me the idea of embarrassment more than anything 
else. The expression was not noticed to a great degree, except in the 
cases of those who were markedly particular in the observance of habits 
of order and neatness, and other approaches to the refinements of civil- 
ization. Such actions would have a tendency to develop a feeling of 
self-consciousness, which is one great cause of embarrassuient. This 
feeling would probably be more intense in the case of a partially civil- 
ized tribe like the Shoshones, for the Indian would have a strong con- 
sciousness of being observed, not onl}' by the whites, but also by the 
members of his own baud. Washakie, whose endeavors to introduce 
the benefits of civilization among his followers entitle him to rank as a 
real reformer, is a great winker at times. Pinatsi came to my tent 
while in Camp 31, to reconnoiter. I wrote my name upon a slip of pa- 
per, which he took and examined very intently with knitted brow and a 
contused expression, in which the emotions of doubt, wonder, envy, and 
perplexity seemed to be but imperfectly conquered by the (to the In- 
dian) stronger emotions of pride and conceit. This peculiar complex ex- 
pression was often exhibited by the features of this person, more or less 
modified by the circumstances. When strongly manifested, it gave to his 
countenance a remarkably perplexed appearance, and, to a certain de- 
gree, it betrayed the comparative weakness of his intellect. The same 
extiression, srmilarly induced, was observed upon the faces of other In- 
dians, and the variations produced by the prevailing traits of their char- 
acters were quite striking. In the case of John Le Claire, (French half- 
)reed,)one of the most intelligent of our guides, the prevailing emotion 
vas rather that of disgust or pity, or occasionally even of contempt or 
onceit. With Luisant, (another French half-breed, very intelligent,) 
ho was attectionaie and fond of praise, but very proud at times, this 
ipression wjis commonly a queer mixture of humility and fear, with a 
iut lurking sign of suspicion. T6'</6te, (Mountain Shoshone, or 
Sheep-eater^ band,) who was rather looked down upon by his com- 
nions, on such occasions usually appeared considerably annoyed, but 
eless, us if habitually accustomed to ditticulties, but yet conscious 
t he was then of much importance on account of his superior knowl- 
e of the country through which he was guiding us. Na-kok, (half- 
»d,) when thus excited, assumed an air as of conscious superiority, 
^led with condescension. 

d. — Oovernmentj sooial customs^ regulations^ etc, 

e political economy of this people is comparatively simple, but ap- 
tly very ellective in a band which numbers barely three hundred 
)rs. The office of chief is elective, and the popular vote is almost 
ably in the favor of the most capable man. Petty chiefs, usually 
^ some special ability, are not uncommon. N^kOk at one time 
sed much influence, which was much lessened by a serious defeat 
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in ii figbt with tbe wbit*8 on Bear River, several .venra ago, from which 
hp escaped with tbe loss of an eye. John Le Claire had a biiKbt-look- 
inS boy, of whom lie was very fond, who was frenoeotly mentioned by 
others of our scontiug- party as a prospective candidate for the higliest 
oflic-e. TX'asbakie's influence is very great indeed, which is not ni»tter 
ol surprise, for bis physiognomy indicates an intellect of no nieiin ordi^r. 
He has steadily favored tbe civi)i:^ntion of his tribe as far as ]>osstblt', 
and lives himself in a neat log house when at Camp Brown. lie tokl 
Ca[)taiii Jones that be was dissatisfied with a roving lite, and he lias 
»iiice detennined to give np the cbase as a means of snijsisteucc. It is 
proper to give to Dr. Jamea Jrwin, the esteemed agent at this agency, 
the credit which is undoubtedly due him for a very large share of tli« 
improvement which has taken place of late years in the couditiou and 
pros|)eets of these Indians. 

Polygamy is not forbiddeu, but it cannot l>e very eommoii so long as 
the proportion of the sexea is so evenly adjiistett. Of 1,024 individuals 
reported by Dr. Irwin in 1873, 489 were given as males, with only 5;i.i 
females. Bigamy is practiced to some extent, but monogamy is the gen- 
eral rule, perhaps more from necessity than from choice. Adultery, as 
in other tribes of the Shoshonee group, is punished by catting oil' the 
nose of the guilty female. Young children are carried in cases formed 
by stretching a skin or cloth over a straight board so as to form a kind 
of poiket, but no compression of the beml is attempted. Tbe case or 
cradle containing tbe " pa|too»e " is slung over the mother's buck or 
nttaehed to the front of the saddle so as to bang down by the shoulder 
of tlio horse. Persons who are too ill to ride on horseback are earried 
in litters formed of two poles, with skins stretched across betweeu 
tliem. These are used in two ways, either by attaching a horse at each 
end lietweeu the poles, or by placing one horse in front, allowing tbe 
other end to drag on the ground. The latter form, called a " wetedda," 
Avas used by Nakok for sevei-al days after leaving Camp Brown, thus 
providing him with a reclining seat or bed. 

The dead are usually buried in shallow graves and covered with alow 
monnd of loose stones. 
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the slightest provocation. The allied Utes and Comanches have nu- 
merous dogs. In a band of about a dozen Utes (including women and 
children) near the Uintah Mountains, I saw at least six or eight large, 
wolfish dogs, while our party of more than forty Shoshones bad ordy a 
single animal, which if not actually a young coyote, was but a single 
remove from it. This creature barked, imperfectly, much like those we 
met in Washakie's camp. The* women of the scouting party were sev- 
eral times observed eating with the men. Tbe Utes referred to above 
were partaking of their noon day meal when we came upon them, and 
the men were eating with great gusto, while the women stood idly by 
or served them when required. 

There was a contrast between the appearance of the Shoshones and 
that of the Utes we saw about Port Bridger, which was quite favorable 
to tbe former. The men among the Utes were of good size and robust, 
but of low type. Their heads were large and broad across the face, the 
nose very large and flattened. The women were quit« small in com- 
parison. Their habits were in many respects even disgusting. As a 
rule they were admirable horsemen, but were most awkward and un- 
gainly on fortt. The women were roughly treated. One young buck, 
more attractive than the average, brought a good-looking squaw to the 
store to trade, evidently for the lirst time. When he departed, he rode 
off suddenly at a fast trot, his clumsy wife running behind clinging to 
his horse's tail. The Shoshone women appear happier and they have 
certainly much more interesting faces than those of the Ute squaws we 
met at Fort Bridger. 

e, — So7ig8 mid Singing, 

Singing, if such it may be termed, was of frequent occurrence in the 
canips of our scouts at night, and occasionally one or more of their 
number kept up a monotonous series of Jerking drawls during the greater 
part of the day's march. The most of this was found to arise from a 
faith in its curative properties, or, in other words, such singing was 
usually considered *' great medicine." During Ndkok's illness a '•medi- 
cine song" was sung by both braves and squaws almost ev^ery night; 
and we were unable to deny that he steadily improved each day there- 
after, all of which was, by the Indians, attributed to the virtues of the 
music. Through the kindness of Dr. Heizinan, this song and a melody 
sung by the squaws alone have been furnished from his notes, and both 
are here introduced with his explanations appended. (See Figs. 54 



ATJXOIM) :H)I)T:iiATO 
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J?: I'onnt llvo in this bar. 
fjinfc norr« np' stni'j sli litlv :\\?s\\ ami rtmwlinjr. 



Fig. 54. — Medicnie-sonjf of tlie Shoshones, (arrau;;od by Dr. Chas. L. Ileizmaa 
assistant snrgeou, United States Army.) 
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aiul 55.) So far as could be ascertained, no wonls are osed witb any of 
tlifir songs, most of tliem being snug by the continued reiretitioti of a 
nasal sound, very near the diphthong oi when pronounced through the 
nose. The men, when singing, or more properly grunting alone, often 
run into a falsetto pitch. The only susptciou of the existence of any- 
thing like worded songs or ditties came from observations of the man- 
ners of two light-hearted youug squaws, (the wives of !N&k<)k and 
I'inatsi,) while on the mai-ch. Occasioualty as they passed me witb 
some coquettish remark, or comical imitation of English words, which 
they had beard nsed by us, I fancied that 1 detected also the fnigment 
of some merry ditty, but ii was impossible to settle the question. 



^ 



^^^^ 



Frc, ^.— SlioBbone raolody, (arranged 1>; Dr. Cbas. L, Heizmao. assistant sarKeon 
I'liiled States Arm}.) 

/. — Medicine, ornament, etc. 

Among the charms and talismans observed in use, several which at- 
tnieted special attention are given below in the form of simple notes, 
without attempt at explanation. 

An Indian, (Pivka-k^-v'it t) almost blind from syphilis, carried a " med- 
icine stick" consisting of a slender black-rod, three feet in length, with 
a small rosette of cut feathers at each end, and a large entire feather 
hanging loosely from tho upper eud. Another Indian led a white horse 
with galled withers, which had its mane and tail stained orange-yellow, 
and a large feather was tied iii the long hair of the tail. Ptnat»i one 
day hitd a similar feather fastened in the mane of his horse and hang- 
ing,' across its forehead. Singularly enough, all these feathers were 
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for the men to ride with the " breech-cloat,'' i. e., a loose cloth which 
covers the buttocks when walking, but which allows the bare siiifiice to 
come in contact with the saddle when riding. Frequently, when given 
a pair of ordinary pants, the buck cuts out the **seat " on this account, 
but our scouts, being dressed in the Army uniform, wore their breeches 
entire during their stay with us. 



CHAPTER XV. 

PHILOLOGICAL NOTES ON THE EASTERN SHOSHONE DIALECT. 

General remarks on prononciation— Phonic elements of Shoshone (lialecty with t'lbles — 
Compuiiitive vocabuhiry of two hundred words, with etymology — Brief outline of 
Shoshone [grammar — Compound words — Numerals — Inflection ot nouns, verbs, etc. — 
Illustrative sentences. 

There are two not simple obstacles to be overcome in the collection o 
Indian vocabularies and in the study of the structure of their spoken 
language. The first difficulty arises from the irregularities of pronun- 
ciation, Avhich cannot but exist in dialects communicated only by word 
of mouih, without any standard of comparison as in the case of written 
language. Even in our own tongue, with an acknowledged authority of* 
reference, we find great diversities of accent without corresponding dif- 
ferences in orthography. For instance, besides their true pronunciation, 
the words yet, catch, evil, are often spoken by the illiterate as if spellecl 
yit, k6ch or koch, eviil ; god, even among educated people is pronounced 
gawd, gahd, and even gud, (or nearly so;) tomahavck is called variously 
tomiihawk, tomlhawk, t5ralh5k, tomlhawk, etc. Savages are, of course, 
much less particular than the lower classes of a civilized community, in 
this respect, and, as they never study their modes of speech, great varia- 
tions must necessarily occur in the pronunciation of different indi- 
viduals. It is, therefore, a task of no mean proportions to obtain 
accurately the sounds of which words are composed. But when it is 
attempted to represent these words so that others may be able to pro- 
nounce them at sight, we are met with a second difficulty which arises 
irom the lack of means to fully express the elementary sounds by the 
use of ordinary type. It will be necessary, therefore, before proceeding 
to the vocabulary beyond, to offer some remarks upon the phonic elements 
of the Shoshone dialect, together with an explanation of the plan which 
has been adopted for their illustration in the list of words. 

A. — PHONIC ELEMENTS, WITH EXPLANATION OF VOCABULARY. 

The basis of the system employed in indicating the Shoshone words 
given in this chapter, is to be fo^^nd in the excellent "Analytical Alpha- 
bet for the Mexican and Central American Languages," which was 
published as a pamphlet by the American Ethnological Society, New 
York, 18G9. The author, Dr. C. Hermann Berendt, in explaining the 
principle of this method of phonetic analysis, says, "I call such letters 
as I am unable to dissolve elements, and I adopt one sign for each." 
The changes here rendered necessary are almost wholly confined to the 
substitution of different founts of common type, in the place of certain 
special characters invented by Dr. Berendt. For convenience of refer- 
ence, the elements are arranged alphabetically in the following table, 
with the necessary remarks upon each in a special column. 
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I. — Ssnoptiiuil table of phonic elein«*tt. 



IllG, baC,bBl1 

Budt. (GenuBD. cfa) 

DM, dot 

C«fro,(S|Miilih,)/«9,|Fni]eh|. 



H«t.l*liIoJ. ...... 

UBdue,ccntil)M.... 



Won. (7rcnoii.]'ii«i, (SpuiUbl 
Hgpc, flown, boiw 



Put, pip. pat... 
Vattf, ttsp, rot... 



iuoenB tWjofDr. Bcrenill. 
I ana l ue [<l>>irl[oiit ; or nlkn. Ilin actual >-li;mi 
twcBU Uiem. und very dlfficull ti> ii>aii:nle. 



Id ni)>l<l sprnkluc Wo sou, 
V«ry miK'J. ]|kB eft ill tho 
■jhUacI bagh. 

A mtie mngli brtsitbing. 



Hot iHftinKiilsbiiblii, 



(Ul, (bat. Ac, but ibo elon 
piononnaed u to iNiAairUn. 

"ot gcite 
]iU« of dA, I 



t of E u onUojirily i 
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IL-^TMe of combinations of elements. 



Symbols. 




rue diphthongs 



(*a) 



(fM) 



ExampUf of false 
diphthongs. 



e».... 
Vk* ... 

•o ... 

•if... 
■at.. 



I in fine, ei in zeit (Oerm) . 
Ow in hov)^ an in hauvfi^ 

(Germ.) 
Oi in oil, toiZ, &o 

Ah-ce 

T5h-oo 

fih-ee 

Ootth 

Eo-Jih 

Eh-6h 

Oo-j*'c (toe) 

Oo-Ah (rapidly wah) 



Bemarks. 



Dr. Berendt'8 method of indicating " true diphthongs" 
is impracticable in print; hence a different plan is 
here adopted.* 

[^ These are the only tmo diphthoncrs noticed in the Sho- 
( shone dialect, and they evidently occur but seldom. 



" Fal.se diphthongs," as Dr. B. calls them, are ** combi- 
nations of elementary vowels " • * which do not 
XiUM their peculiar sonnds, and are pronounced one 
after another; ♦ ♦ ♦ one of the elements is always 
predominant, the other accessory or half mute." The 
method of writing these is shown in the left-hand col- 
umn, and examples of words are given below to illus- 
trate their nso. Thus the French word rien would be 
written r'en; the Spanish reina, re'na, and the English 
lenient, 16'n'ent.t 



*The accentuation of Indian words being very irregular, the accents are not omitted in the vocabu- 
lary except when the pronunciation is sufficiently indicated by the orthography, as in re'na, which must 
have the accent on thu first syllable, and cannot l)o mistaken for r^ina, with the second syllable accented. 

tTho faint" <liphtIiongs, composed of a vowel preceded oy a diminished ii, as "e, "i, &c., are frequently 
employed without confusion for the sound of to followed by the vowel. 

B. — VOCABULARY OF TWO HUNDRED AND TWENTY WORDS OF THE 
DIALEC5T OF WASHAKIE'S BAND OF EASTERN SHOSHONES, (LOCATED 
ON THE AVIND RIVER RESERVATION, WYOMING.) 

The words contained in the annexed list were, with very few excep- 
tions, personally obtained and carefully recorded as they were several 
times pronounced by the Indians themselves, and by far the greater 
number have been verified or corrected by comparison and repetition. 
So far as can be learned from any accessible data, this dialect is more 
nearly allied to those ot the Oomanches and the Ghemehuevis than to 
others of the great Shoshonee group. For purposes of ready comparison 
lists of these words, phonetically spelled, have been prepared from vo- 
cabularies already published, and a column is also added to show other 
affinities which have been traced, and for the purpose of recording inci- 
dental notes. The greater part of the information of a comparative nature 
has been obtained from the Pacific Railroad Reports, Vol. Ill, Part III, 
mostly from Chapter V, in which are given vocabularies collected by 
A. W. Whipple and classified by Win. W. Turner. Some words were 
taken from the lists in Schoolcraft's large work on the '• History, Condi- 
tion and Prospects of the Indian Tribes of the United States," but his 
orthography is in many cases quite unsatisfactory, and indicative of a 
lack of care in collecting tlie material on the part of those who recorded 
the words. To Pinatsi is the author indebted more than to all the other 
Indians for the unusual zeal which he showed in teaching him the words 
of the language, which is explained by the fact that he was himself au 
eager pupil in the study of English. 
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III. — Comparatitt wcabalarg. 



EnglUh. 


IFiiituUebud.- 


C™«,.bo.. 


Cbeu,.l,u.vi. 


>..«u 


All BM 


n'H 


f.^^'iitSr"} 


mon^i 




Aiiti>li>pa 

Ant-llou. (m(Fr- 


^<«^ 










l«'l^ 




hnl. (Cilinilln;) IidL (nctvU^) 
hon (KHh.l 








AfclutehBt 


bohfislk 


ho-ai 


tiikii'ben«p«... 


Jookey; on WMB.pl to pro- 

DDanm ihe Znjillth kotA. 

Prubi b] r i DcorTKl.H taktb tie- 






a-tbM 


kutW. liatt- 












SS,?*^.:::::::-" 




t*-i'n* 






pl'spo.UM'p... 








liii;,ir«t 


pl-puW - . 


V' .l,i|M"P).. 


tkonW- 




saze."- 


Wil 


LU iililtllU'lloili 






E^ii.:::::::: 


n'tiinOt, (ChBlllo.) 

tnOlkx. (Cubunio.) 

Uterallj. elelA-*(oot, or «™- 






SSSS*":'.';::: 




xCaiil'Wmak .. 


Hnoibyold BKXb. 








bu;«i, [iwwei 








ld'nn)*Ul 


I«irp.«« 














X kind ot dialDDlIrn of to'eiD. 










riirk-brown. 


■ 






Utenlty, tmfalo-ikin. 










rump.lnwB 










n-talfl 








k.'U 

pl'.p>.-,b'.. 
tfli'tnf, pi'«-- 


ka'ue 
'ioiibBSni^p". 


k«'di 


Literally, taUitT. or ureal lailur. 


^1 
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III. — Comparative vocahuUrff—Continned, 



English. 



Eight . . 
Eleven 



Washakie band. 



nai-^atsn'it. 



Eliodes obsoleta, I 
(insect.) | 

Elk, wapiti I 

Ephemera | 

Jiye 

Far, far off 



Bha^nia (simitsi) 

raanto'gan. 
bi8u'k"a 



Fast, rai lid. 

Fat 

Fat man . . . 

Father 

Fear 



parhi' . 

lDll'p6 

nebu' . 



iuADfi'ng<'a, or m&'- 
nCiuk. 



Feather. 
Female . 



nA'mixa 

ytt 

yii'putsi 

a'pa 

meri'ya-ne'xunp^n, 
or mcri'ya-xufjnt/ 

titgi'Disa 

pl'a, pi'fitsi 



Fight, battle, 

(DOUU.) 

Fight, (verb) 

Fifteen 



D4'vitlng. 



Fingers 
Five... 



Fire 



Fly, (hor'*e) 
Flv, (housi") , 
Fog 



uA'viting mehftn . 
mana'yt manto'- 
gan. 



niana(?)'mo 
ma'u'a'f/'t . . 



ka*na 



Foot 

Foreigner, (white 

man.) 
Fonr 



be"mi't.... 

amVvu 

pa-gAna'kit 



Fonrteen 



Friend 
Girl... 



Glove 

Go 

Goil, Great Spirit. 

Good 

Grandmother 

Granite 

Grass 



Grasi»hoppor 
Great, big... 

Green , 

Gnn 



Damp' . 
t(ai)'bo 



■atgu'lt 

"a'tsuit-manto'gan 



hilnts . . 
na'vitsi 



mabu'c' 

mle'r' 

tam'-dpa 

tsant 

go'gutsi 

li'mf'-aoa'kit 
sh^'uip 



Hand 



atn'n'..., 
(See Ulg) 
a^h^'ut . . 
pi'a'-et... 



mo,ma'8a<*i'ki 



Handsome, pretty I trant-maba'ni.. 



Hard, (not soft) . . 

Hare 

Hat 

Hatchet 

He 



I 



ki't&nt . . . . 
ku'mo,ta'b 

••a'bha 

(See Ax) . . 
8lk(?) 



Heavy ! pu'tt^ot 



Comanche. Chemehu6vL 



nfi'me^atsn't, 
[na"»e"etxo'te] 
[xa'mi-meUyi- 
kut.] 



opo'i 

I mo'narki] 



fynj . 
a'puk 



■i'e Ixia] 



[mo*eke-met- 
oiktttj, m(oi)- 
bcka. 

mo 

m(oi)beka [mo- 
•oke.] 

knn, [ka'ono] . 



na'pe [nehAp] 
(ta'rbabo) 



h(ai)odok«it... 

hoiaru^k^o-me- 

to'ikftt. 
h(ai)itx,lhartxl 
te'*t»te."(ai)'i' 

gptik, ["(ai)' 

epixi.] 



nAtx 



pari' 



pui'... 
mio'ni 



mi'o 



pita'o . 



kun. 



ua'mpan 



■atxu' 



fuio'r] . 

fta-o'pij' 

'txat... 



te Tibn . . . 
n(ai)i't8it. 



Xotes. 



Compounded of shn^ma, (one,) 
ami mAnto^g^n (meaning ?) 

ko^a', (cicwla.) Vossibly from 
pi'«tdi-kd«a', (litUe Oicadd.) 



pnsn'nonax, (Kechi;) nopalam, 
(Netela.) 

There is a surprising similarity 
between the Shoshone equiv- 
alents of far and underttand^ 
(Compare Beyond.) 



p(ai)'k''e 
piia'nt .. 
at' 



[x(au)'ni'p [xo-I xu'bdt 
nip.J I 



To feeif fear. 



Mother, or of the mother kind. 
One who is big, (with young.) 
See Big, above. 



To do Affht. 

Literally, jive-ten or its equiva- 
lent; exact moaning not as- 
certaincd. 

AUthe fingers of one hand. Per- 
haps fttim mana (fingers) and 
n'it (all.) 

kut, (Cahuillo;) kfit, (Kechi;) 
mu|7'at, (Netela;) txa'K)t,tol- 
na, (Kizh.) 



Apparently compounded of pa 
(water) and a word or words 
signifying dark or darkness. 

ne'ik, (Oahnillo.) 



"asa', (Kochi;) "atsa, (Netela;) 
"ntsa, (Kizh.) 



i'nismal, (Cahuillo:) literally, 
in Comanche, little tooman. 



Literally. Thou. Father. 
at(ai), (Cahuillo.) 

Literally, stone foggy, (miaed f) 



ft'fiftra«hi'pt]. 
pi'-(ai)ct 



omA'^&n[mo'a] 



tup(ai)' 



masi'^anim. 



[txo-narbu'ni] . n(ai)ts 



ta'bon 



o'rdtga [xokuj. einpa' 



kam 



Litorally, big-toeapon : usually 
called mertfly ft in Shoshone. 

nemnhemox, ((-nhuillo:) morta, 
(Kioway ; ) innna, ( fingers ?) 
maua".7it. (fingers ailf) five; 
ma'su^'iki, (fingers open t) 
hand. 

c'ito, (Cahuillo ;) literally, j^ood 
seen. 

Rabbit, to'xo-ka'mo. ( iphite hare.) 



st'k. that. The Shnshones com- 
monly use that in place of hs 
when speaking English. 
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EnGlLh. WMliaklo band. 


Connnclie. 


ChmobutvL 


X«tc». 


,j 


li »' 






Fiu>d >l»i u. XD imrH^Huiia ci- 


Bicmnlypli, pic. 
iun>. flraw&ig, 
















Bin.) 
IlMrnKltOlld,{lil- 
nrrt.) 








■idrrtbre elevalion. 


bn'DBO,MhiioU... 








liiMisp, ixai itH- 














IIheiiI*)! Iuvlv«eti rams iikI 
10*^: to'-.M.owdr^B.fB- 
gle trJBWkm or ■ cunp, 






nettalonrl... 
U"k«b[t«kniil 










(N'euUi) aaaa. (Klih;} no, 
(Klowv-I 


K'^>>l«,pot 




pwnpq-ol.... 

•Its 

l»-K«Ti 


'Ma. iKIovB^'l 
wnliiiikiiiiiin, 
0?o«r8b*>T.-«ttTs.,i.l«. 


I.»uce,apsu 

Ijirlit- 


tffoated) 




ti.vn'Bk' 
















LUi,^. (for tlHi 












te^WtatoljUN 


y*'p«5tt 




LiMt, Bt«r 


»Bri' 










UUUlMt 
























IraTBMSpi'fital 






tindlhatgoabig«^,/,^uvg. 


Mmirj- 








mo-ni, tmfiil.. 


mia'KonikUi. 








lSf.'4,S-' "••'•'•" 


^1 
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EnglLeh. 


^r„fallkle bud. 


Conud-e. 


ChcpiebaArL 


s..... 


P"!"!* 


UOLV ±D[ 


[•aha'rkaDlJ .. 




Aii«wer» Rlv. fur ■■ It nyy- be." 
As. 


ISfsHlKOBtjph).. 






Wl lltflil.... 












Fioni klTEnnC [short.) and et, 
(gun.) 


Pretty 














S»::?;r«'L";j-r.s-^ 

to tha tnie. nbbli d1W> df 
menlulnl. t 
pa, («-aler,,/fll&. 




to'ID-Ea'b.Cka'mo). 
























e'kAns 


»ki';i.rt::::: 










Bon, (verb) 


LZo .".".".'."." 


'"ir^k.) '""" 


nok-lna 


smaller iilrpiiiu* bj tliu pro- 






















B.,^,.p«.,..U, 


lo-k'tu 

»'-h*tMt 


le'k'oilKn, [IC- 


""pn'BO 


UElo'lk, iC'iIibUIq.) 






mDk'i'rt 






W'tioe- 

ta'llOC'.BMBtO'eWl- 






-Uto^ """■'"' """ "'"'* 














mrnirut Kjr tbBj™(.f,ir tliu 
bodr, u n mat, ruf, KliirL &e. 
(Sesalw) Clunk.) 










s;;™.e;;; 


K:f".::::;;; 





anlHsl;- 


LI[™llj',rti-(rB ; (or Kn rqnlv- 
alrnt icon] of nnceclalu clj-- 
n.ul.Bj-.) 


BUo.(oI«tl.) 

M»p. (VCTI.).... 




ft-npuliM 




opH'o'n 


varlea niurli, |«tiii;ular1y fa 
(klo-ioK )H«ik-t. »r.) 


















































and i.(a(j'vlt» («1,1, ur llt.l,, 
womaD,) wiih ilif -lii. diit, 










In tba HDae .rt' Mrrior, bo» 
to dcaignate a meiuber uT tbe 










m vmio w»y fumipil r.uni tn'- 
nnp-ue, (^,, 












lio'iiBo-ntfjOKAn.. 

Sis.;::.:;:::: 






Literally, )i<ir«.inair. 


ffil,:;:;;:::: 


■■m 


■Inl'n« 


HIORCfnek).... 

SSS' 




(tlrpHft'plM.. 




DU (Middl^l auil u nan] lovan- 
InBlo *««!,, ^rtboliku-. 










'j-r'' 






ttrillB. (TKb)... 


nU^U;»lk 






t n't 1141 ■i'iiii- 
ntr« (klrtO.) 


knl'ti"* 




ST.;::;-:::: 








M'Uli. ll«-iTl 


In'lMtpOli.... 


tn'mlt. (CNliKltbi ;) t.'ido't, (Ke- 
cW;lttnie'l, iXsleIn:) Wniut, 
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KngUnh. 


Wmluikle bud. 


CaiDDDobe. 


Cb«i»ba«vL 


So.e.. 


SttBriM 


pfDUikiKUI* 






Btbly msre)]' mumiug iictsoii- 


















LlUrallj-, niiwr-f a^ / 










Tulk,tdl 




(See Sbji 

. a.,-"- 






rtm-'nu^ljB-.tr**' 


, 


tiomBtau'inl. {Cliallln.) (8« 
nbnenitions od niimenili 
elsewhere.) UwnJly, one 
innee.} ibiiwri-iill. ilibrevU- 
llpn of »hQ»niui.-B'Ut. 

(SosHb.) 


• 




















pef.p.'f'(I5ahi.lllii) lltenUr 

e,(C«h<iill<>;)^i,(K«M,)Din, 
(N.tcU,| una. (EUh;) ■», 

n.op^°"cibiilllc.;l p(iii). <Kf. 

clll;) pub... (XflfCl,) [Wlip, 

(Kl«b;p«o.(Kiowjiy.l 
C<impoi.nJ«lo/l.i'm..[.l.leln,«(,) 






6n'f fanJ.... 

la'ben. (il»r> .. 
pe-netoko.... 
U'iiiui[tul|.. 




';=r'-'" 


liWIlko 






ko»'po 

■u'Wt 

I'eoknit 

Mbo)—* 


TiKilaj 

Tinnotwnr,(niDni 
Ti"S* 


Igl'tii-U'bl 


moU'oi*. (Ciliuillo ;) tnn, {Kio- 
"J.J 








r«in«,(H>n.rt.- 








Simie u j^. wilb (uiirnnu in- 

Ut^ilj-.'to.^'faH, \m' word nf 

■e, (Kpc:bl:l 'chr. (Krlcb;) 
■obp, (Enb .i Bin, (Kiuira.) 


J, 










[•FbC-IDCWtk- 

[■aboj.'thiit.. 
H»l»it(biid)... 






'OD'i 

m«iiu'o 




ttUl-nii.bn'iil 

nu'iiBtd. nuiii'B- 
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peculiarities of Shoshone grammar, which may prove of some slight 
value as a contribution to the philol>gy of the North American tribes 
of Indians. Sufficient data, besides what is given in the accomi)anying 
vocabulary, have been collectcnl for a brief review of this subject, from 
which illustrations will be drawn as we proceed. The matter which fol- 
lows is arranged under italicized heads, the main topics being but 
roughly systematized, although an attempt has been made to follow a 
somewhat logical classification. 

a. — Compounding of words, as proper names, etc. 

In joining together two or more words for the purpose of expressing 
their combined meaning by a single term, as in the names of places or 
persons, or of things fancifully used, the great desideratum in all cases 
is that the resulting equivalent may possess the quality of euphony, as far 
as possible without destroying the sense. The greater the original dissimi- 
larity between words, the more radical will be the change required to 
secure this end, and, to a great extent, the more frequently the com- 
pound is used the greater will be the change, and consequently the 
euphony will be more complete. Thus, in the common names of persons, 
usually *M)estowed by the Indians from some trivial circumstance in 
domestic life, or hunting, as mere nicknames,"* euphonious combina- 
tions are quite the rule, and the same may be said of the fanciful equiv- 
alents of such English words as thunder^ sunset, and the like. Exam|)les 
of both kinds are given in the list below, with their original or extended 
form. 

IV. — List df euphonic combinations A 



EngliHh. 



Complete form, SlioshoDe. 



Euphonic form. 



Names of Indians, (though all bnt the second could 
be used otherwise :) 

BipHellv 

Red Blnnk»-t (cloak) 

No Anows 

Muddy (bad) Creek 

Comanche tribes : 

Koot Rat ers 

Buffalo Eaters 

Hontyr (sufjar) Eaters 

Names of streams -. 

Stinkinjr Water 

Wolfs Penis 

Pistol, (short weapon) 

Thunder, (cloud cries) 

Chief, (Big talker) 



pl'"pn<7'o«fip pi'°Hftp. 

e'uK-op'tH'-"a'uftp ♦''nkuts'.i''.Vuftp. 



pA'k-ke'.u''it 
ti'txi-o'giui 



va'mpa*tik(tra. 
kn'txi-ti'kdra. 
pi'ua-ti'kiira .. 



pa'-sama'ri (?). 

i'«ha-u'a(?) 

ki'v«rdnt-ot . . . 
to'mopi-yjVj;a . 
pi'apu5r-te'g"'in 



pfi'knko'u'it. 
tso'gua. 

va'mpati'ktira. 
ku'tximtl kdra. 
pi'aaeuti'k(ira. 

pa'sama'ri. 

i'Hhu''u'a. 

ki've't. 

to'moya'pa. 

pi'atc'g«m. 



b. — Formation of numerals. 

The basis of Shoshone numeration, like that of the North American 
Indians generally, is to be found in the use of the lingers for counting. 
There is some difficulty in determining the exact English equivalents of 
all the terms emplo^^ed, but enough has been learned to render possible 
a general explanation of the system, which is given below, in the — 

• H. R. Schoolcraft, *• AiDcricnD iDcliaus/* 1851, p. 87. 

t For other examples of euphony in compounded words see in Table III, second and 
IsAt colnmns, the equivalents of the words buffalo-robe, caterpijlar, (large,) cow, 
cricket, granite, God, (Great Spirit,) mare, mnskrat, negro, ox, rabbit, satchel, soft, sol- 
dier. 
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V—Tahle of Skoahotie numeral*. 



EnBlirt. 


Sta«h 


™«. 










One I (orflrill) flnger or foraflngel I 


















nn'h'l.. 

.hi.;n..'r 




From h'af nhn'ma u"lt (I) meftnlnc tioo-OB*-iilt Very rtnnbtful, 
(i) From mBna, finiim. end n'it, oil, moaninp all nf niie li«n.l ; or per- 
humaconipoDud word, mnnuingjln^n-i doubled or elu»«! upon them- 






Kfx 




KiBTOl.... 


■miVV.:; 

DtO-gui" 


(]> From BlinlmB.D''it, on* (UckinR froml ttU. 

Krotu sbii'mil-niali>-u''il. oufonri'l jtimn^ all, (all the dlgila onen.) 

Kcond not of teai. 


uluetaeu. 






Pdlll'f-maulo'eaD. tblilmi. Ac. Above nliiftn'ti the nvati'm «>9 
in D«e among the ConiaucUe.. 



S, B. The Olieinehu^via seem to reckon differently. Thus forty is 
expressed Ijy tliem "atxu'-i-maxu', /our-ten, fifty nianii'maxuf,^re (e», 
e<|nivalent ta fourteen and fifteen in Slioslione and Oomanclie. The 
Oahuillos are also reported as counting in the same manner, the multi- 
ples of ten. 

c. — Inflection ; horn and when employed. 

1. Of (he noun and adjective. — Ho far as ean be learned from the mate- 
rial gathered, no distinction is made in Shoshone between the nomina- 
tive and objective cases of nouns. For instance, tomopi, cloud, is the 
same in both the following sentences: 

Im sik ttimopi mabCini! Did yon see that cloud t 
STIt trtmopi tdfip't. That clond is black. 
K^o distinction was observed in the terminations of the singular and 
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unless personified, thoagh it is often omitted in conuection with persons 
or the lower animals. 

2. Of the pronoun, — Little information has been gained concerning 
pronouns, and it is not easy to arrive at definite conclusions as to their 
use, owing to the difliculty of correctly interpreting Indian sentences 
in which they occur. The remarks which follow are, therefore, very 
crude. 

The personal pronouns are : 

T, ni'a, or ni*, sometimes pronounced mi. This seems to be equivnlent 
to me rather than I. 

Thou or you, im, (ta'm**, ]>lural, is also used.) 

He, sik. ? The Indians often use that for he in speaking English. (srk = 
that.) 

We, ta'in«-ni% (sometimes called nam*-mi,) literally, you-l. 

You, ta'm«. 

Tliey, ?. 

No inflections, if such occur, are known to the writer. Of pronouns 
other than pcTvSonal, no data are available. 

3. Of the verb, — It is possible to understand the use of the verb with- 
out some articulate method of conjugation, though it is not here claimed 
that such is the case among the Shoshones; but the notes thus far col- 
lected afford no clew to anything like a system of verbal inflection in their 
language. The numberand person of the verb are easily determined by the 
pronoun connected with it, and it is not diflicult to distinguish between 
the infinitive, indicative, and imperative moods by the construction of 
the sentence, the tone of voice, or the manner of the speaker. The tense, 
l)erhaps, is not so readily ascertained, but this can be determined also 

. without trouble in spoken language. In the sentence — 

Im slj: parhi'mabu'nit 

Do (or did) you see that elk ! 

It is impossible to state whether the verb " mabu'ni '' be present, 
l^ast, or future, but its mode (indicative) is shown by the mark of inter- 
rogation. If the speaker wished to change the time or mode merely, 
it would be accomplished as indicated below by the use of ad verbs of time. 

now you that elk to strike 

1. igi'txi im sik parlii' m(ai)nVnrk? (Present, indicative.) 
(Are you striking that elk [wapiti] f) 

ye8t4!rday 

2. kint, im sik parlii' m(ai)rri'nik? (Past, indicative.) 
(Did you strike that elk yesterday f) 

3. im sik parhi' pentxiko m(ai)ra'nik f (Future, indicative.) 
(Will you strike that elk to morrow f) 

I not leant 

1. ni* ke makamu'wgen sik parlli' m(ai)ra'nrk. (Present, infinitive.) 

(I do not want to strike that elk.) 

5. m(ai)ra'nik sik parhiM (Present, imperative.) 

(Strike that elk !) 

The position of the verb in the sentence, then, often is very important, 
but the manner of utterance also plays an important part in the expres- 
sion of ideas. 

d, — Exercises in Shoshone, 

The remainder of the notes on the language may best be arranged in 
the form of sentences which will embody the ideas which it is desired 
t3 convey. The substance of all these sentences was obtained from the 

H . Ex. 285 19 
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Indians or from l>r. Carter, bat souie few words have been introduced 
occasionally to illustrate certain points of structure more clearly. 

1. Nia "a'sliaki, Shoshone pi'a'te'g''in. 

I Wassha-iee, SMsM-nee Chief. 
I am Washakie, the Chief of the Shostioues. 

2. Ni'a ke kixuiiut tdnapdtei. 

1 not bad boy. I am not a bad boy. 

3. Igi'txi im pa'beriitn ! Are yoa hungry now i 

4. SIk bu'ugo te'tits' sbitnip iwid'ut ti'kiip*. Tbat little borse ents 
miicb grass. 

5. Im xo'gdp^ts', tii'ii ke yu'pttts'. You are old ; I am not fat. 

6. Hin IhCganiJ im ma'kamungeni Wbat do yoa wantt 

7. Kiitt, ni'a ke tarn" m'ero, igi'txi ui'a mie'r t I did not go witb you 
yesterday, but now I will go, 

8. Kiiit im oik to'-to'mopi mabu'ui. You saw tbat black cloud yester- 
day. 

9. P6'utsiko, sw'flut pa'ema, ni'a te'g''in. I say, it will raiu bard to- 
morrow. 

10. SIk to'ya'b onu'ng"a, taka'b te't'ts'. Beyond that mountain there 
is little snow. 

11. Pi*to'k"a'xn, hd'giiui im na'nyilkf Big soldier, what is yonr 
uamef 

13. Im kint pi'tlint, ni'a igi'txi-ta'bi. Y'ou came yesterday, I to day. 

13. Igi'txi-tdbi, pS'utxikotsis, elk tu'nupjtt^' nil'meuuk. To-day, at 
sunrise, tbat boy ran. 

14. Pe'ntxiko, ta'mMii'a mi'titoi Pa'sama'ri ^'p"!! Will we sleep 
uear the Stinking Water to-morrow 1 

15. Sli'tits' 6lk ka'ui, kint, kutxim-bu'ngo-em-pi'u tibits ss'ont t Were 
there \ery many cows near that camp yesterday f 

16. Im kl'vi-et tibits tsaut, ni'a e'ra te'g''iu. My uncle says your pis- 
tol is very good. 

17. Tu'nupa hO'gani me'hiln I Wbat did the man do f 

18. HCgiiui im bo'bu-Vuftpt Where is your blanket! 

1ft. Igi'txi-ta'bi taaiit, kint pa'ema, pi:-'utxiku,iioho'gt'ni,tak^b. It is 
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understand their langaage." Hence the difficalty of estimating the real 
valae of all the notes obtained from a tribe containing so many who are 
quite well versed in English. Believing, however, that every item 
which is authenticated may eventually become of importance in the 
study of dialects which are much nearer extermination than many be- 
lieve, this chapter has been prepared, and it is here offered as a slight 
contribution to one of the most promising of sciences — that of compara- 
tive philology. 
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XOTE EXPLASATOBY OF THE COLORED GEOLOGICAL MAP. 

The general distribution of tlie various geological formations iu West- 
eru Wyoming is siifBuieiitly indicated by tlie coloring U|)on the accom- 
piiuying map, si>ecimcns of the tints being separately given with their 
pioi>er inimbers. 

It shonld be remarked that the author lays no claim to strict accu- 
ntey in the delineation of outcrops, a task which it is manifestly imjios- 
sihie to nceomplish, unaided, in a single Reason, lielieving that sueh a 
111!!]), however Imperfect in minor details, will serve as an aid in the 
move complete understanding of the text of this reimrt, and cherishing 
tin- hope that it may hereafter prove of some slight value as a guide for 
fiitnro laborers in this field, it is offered as an exponent of the geology 
of this region with the conviction that it is as nearly correct in its main 
fcjUures as it is possible to make it without more extended research. 
In fact it is just such a map as the aathor would use as a basis of oi>er- 
iitions if be were again to enter the same Held. 

As far as possible the introduction of conjectural material has been 
avoided, but in most cases it will be fair to consider that the number of 
l:iiiitctt facts is in inverse ratio to the distance from the trail ot Captain 
.lones's party. In some cases the map of Dr. Hayden, accompanying his 
report to Captain Kaynolds, has been followed outsi<le of the limits of 
this reconnaissance upon the northeast. Prospective maps from com- 
petent authorities will doubtless soon render possible quite accurate 
delineation of the prominent features in the west and south of the dis 
rict. For this reason the former area has been left uncolored, and the 
structnixj of the latter has been but roughly designated. 




REPORT ON MINERAL AND THERMAL WATERS. 



By Assistant Surgeon C. L. Heizmann, U. S. A. 



QUALITATIVE ANALYSES OF RIVER AND SPRING WATERS, SPRING DE- 
POSITS, ETC. — THERAPEUTICAL CONSIDERATIONS. 

Sir : I bave the honor to submit the following report of analyses of 
spring and stream waters, &c., examined en route during the summer of 
1873 to and from the headwaters of the Yellowstone Eiver through 
Northwestern Wyoming Territory, together with general observations 
of the medicinal qualities of the springs within the section known as the 
National Park. 

As a thorough description of the trails and surrounding country will 
be included in the topographical and geological reports of the expedi- 
tion under your charge, 1 confine myself to allusions to the former in 
localizing waters, and advise references to the lattt^r for particular geo- 
logical features, instead of incorporating in the report a reiterated ac- 
count of the route. The date and number of the camp, therefore, will 
serve to fix the geographical position of streams and springs as well as 
to guide to the correct appreciation of the natural relations. Moreover, 
the thermometrical record, which is of the greatest import in the proper 
estimation of the medicinal value of a water, will be found very incom- 
plete ; this on account of the desultory character of observations, neces- 
sitated always in a comparatively new and unexplored country. How- 
ever, the meteorological report of this expedition can be consulted, but 
it must be remembered that careful readings of instruments for a day 
or a month in one place are now-a-days deemed insuflicient for a strict 
understanding of climate and its influences. Reference can also bo 
made to the excellent reports and tabulated statements of Dr. A. C. 
Peale in Hayden's Reports of the United States Geological Survey for 
1871 and 1872. 

In consequence, and to make easy by a connected account, I have 
adopted the field system, a recital of observations and notes day after 
day. A few general quantitative analyses, however, subsequently made, 
are thought necessary to be incorporated in the body of the report. 
After our return, 1 found in Ilayden's Report for 1872 analyses of de- 
posits which cover a great deal of the ground of the Yellowstone Basin, 
and you will find, therefore, that I have only noticed such as have some 
special relation to a water or have not beeii analyzed before. 

Our journey from Fort Bridger, through South Pass, to Camp Stam- 
baugh, (June 12 to June 24,) over one of the well-worn overland emi- 
grant-routes, crossed the eastern section of the Green River Basin, 
which is mainly traversed by Green River and five of its branches. 
All of these streams were greatly swollen and they impeded our progress, 
particularly the Sandys, whose origin is in the foot-hills of the Wind 
River Mountains, and which, then violent torrents, in September follow- 
ing had an insignificant flow. The water of these streams at neither 
period is acid nor alkaline, though bitter to the taste, and causing a 
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btiriiiDg sensation to the skin. One fluid-ounce of the vater of the Lit- 
tle Saudy coQtained in 8n3i>eDsion one-half grain of sand, till of which 
tleiK)sited one boar after standing. The reactions of the clear water 
showed only the presence of magnesia and sulphuric acid. A bit of the 
so-called " alkali dnst," a white or grayish deposit taken from the banks 
of this stream, contained lime, magnesia, iron, alnmina, snlphuric and 
carbonic acid, and silica. 

Uere (June 21) was first noticed a peculiar behavior of the blue lit- 
mus-paper used in testing, that of showing after immersion and short 
exposure to the air an acid reaction ; even after wetted with aiumouia- 
water it turned red after a few seconds free exposure. 

Ozone pajters became of a deep brown color in a few hours, and thus 
accounted for tLe phenomenon, which was veritled afterward at Camp 
Htambaugh, and the higher localities of the route, before entering the 
Yellowstone Valley. 

The waters of the Sweetwater, (June 23,) of the streams supplying, 
and those about Camp Stambaugh, (June 24, July 1,) viz, Beaver, Twin 
Creek, Little and Big Popo-agie, at this season, and at the points crossed, 
were pure moantaiu-streams, exhibiting no reaction though they carried 
dilferent amounts of sand. In contrast the valley (5,560 feetabove sea- 
level) of the Little Wind River furnished novelties, and I think my 
regret on leaving it was shared by all of the members of the expedition. 
The abundance of material for the geologist, botanist, and meteorolo- 
gist in it makes it a desirable point for their work ; and I have no donbt 
of its possessing advantages for study and discovery for the medical 
hydrologist, excluding the sources already known there — one large snl- 
phureted lime, [sulphuric calcique,) several cold sulphurous springs, 
and one carbureted and oil spring — but including its mild and invariable 
i.-limate of sommer, (mean average temperature for July, August, and 
September, 1873, 62°,) and its beautiful surroundings. 

The sulpbureted-Ume spring, two and a half miles from Camp Brown 
und near the bed of Little Wind Biver, into which its water flows in a 
not insignificant stream, is elliptical shaped, (315 feet and 250 feet diam- 
etiTS,) neutral, and contains tree carhouic acid, (abundant,) sulphuric 
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Date. 


Daily mean, in 
flesrees Fah- 
renheit 


Temperature of the Hot 
Springs, in degrees 
Fahrenheit 


Date. 


E J'3 


Temperature of the Hot 
Springs, in degrees 
Fahrenheit. 




At the shore. 


In the cen- 
ter. 


p 


At the shore. 


In the cen- 
ter. 


1874. 

March 18 

March 19 

March 20 

March 21 

March 22 

March 23 

March 24 

March 25 

March 26 ... 

March 27 

March 28 

MArch29 

March 30 

March 31 

Aprill 

April2 


16.00 
13.33 
24.33 
18.00 
24.33 
29.66 
32.00 
35.33 
31.66 
36.33 
27.33 
27.33 
S5.:{3 
23.33 
30.00 
36.33 


106.8 

104 

107 

107.8 

106.4 

107.2 

106.4 

106 

107.6 

109.9 

103.6 

106.2 

106 

107.1 

loao 

107.2 


109 

106 

108.8 

109 

109.4 

109.8 

108.9 

107.2 

lO&l 

110.1 

106 

109 4 

107.5 

109 

110.4 

109.4 


1874. 

April 3 

April 4 

April 5 

April 6 

April 7 

April 8 

April 9 

April 10 

April 11 

April 12 

April 13 

April 14 

April 15 

April 16 

April 17 


35.66 
33.66 
29.:i3 
24.00 
3.1.33 
38.66 
40.33 
44.33 
45.66 
43.33 
38.00 
:<4.66 
30.00 
32.33 

saoo 


107.2 
104.2 
105.4 

108.8 

ioa4 

106.9 
108.4 
109.1 
107.1 
101. 1 
97.2 
104.6 
105 
105. 1 
107.6 


109.1 
106.2 
108 
109.9 
110.1 
108.5 
110 
110.3 
109.2 
102.4 
99.5 
106.8 
107. 5 
106.1 
109.2 



The cold sulpburoas springs arise from the base of the foothills of the 
mountains, about six miles from Gamp Brown. One, (Tesson^s) — tem- 
perature 50O — blackish brown deposit, contains lime, magnesia, carbon- 
ates, chlorides, sulphates, and abundant sulphureted hydrogen. Doctor 
Maghee writes that he found its water to be diuretic and mildly laxa- 
tive. 

Te carbureted oil- spring about one mile from the camp is remark- 
able only for its oil and great amount of asphalt making up its shores. 
With the gases — sulphureted hydrogen and carbureted hydrogen (f ) — 
rising from its sandy bottom (water tw^o feet deep) spring up to the 
surface plenty of oil-globules, which, floating, are blown ashore, and 
there become a hard asphalt after some time. The oil, taken as it arises, 
after evaporation of the water, loses on burning exactly 90 per cent. 
The water, I think, possesses no interest in a therapeutical point of 
view, as the bathing or drinking facilities are small, it being constantly 
filled with the rising globules of oil. 

After leaving the Little Wind Eiver Valley and crossing Sage Creek, 
(Camp 20) Wind River, (21 and 22,) and Dry Creek, (23,) all of no noticeable 
interest, we passed overthe Owl Creek Mountains, which were remarkable 
for the scarcity of springs and water-courses. One spring, (Camp 25,) 
the only one on our route over, gave very little water, very hard, and 
intensely disagreeable to the taste. The water of the Beaver, (28,) a 
small stream, and Grey Bull, (29,) possessed nothing worthy of note, but 
a series of little springs were found a few miles south of the latter river, 
which form a creek (Yellow water of the Indians) flowing into it. Their 
sides and bottoms were of deep yellow ; their water contained an abund- 
ance of iron, some lime, magnesia, sulphuric acid, sulphurets, and car- 
bonic acid combined and disengaged — were neutral, and of 50^ tempera- 
ture. The exterior of their deposit (carbonate of iron) became, after 
short exposure to the air and light, a white impalpable powder. 

Gamp 3d, July 24, was made on a small stream flowing into the Stink- 
ingwater, and formed by a large number of mountain-springs, with a 
temperature of 50^ ^air 70^) neutral and containing lime, magnesia, 
sulphuric and carbonic acids. The deposit of these, tasteless, was scant, 
white, and reacted for carbonic acid, and hyposulphuric acid. 

Gamp 32, July 26, was made on the Stinking water, near which we 
found a large spring raised two or three feet above the ground, with an 
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nbiindaut flo^r of a blackish water of great specific gravity, of strong 
sulpUurous smell, (temperature 5G°; of air, 75°,) and depositing black. 
The water contaiued soda, sulphates, and sulphides. The deposit was 
made np of sulphur and hyposulphite of soda. As we approached the 
river, by Cretaceous bluffs, an odor of sulphuretted hydrogen became 
distiuettj perceptible in the air, observable several miles away. A 
uumber of extinct springs occur here, but the existence of numerous 
active ones near, besides the last mentioned, was indubitable. The In- 
diana stated that many large similar ones could be found at the junction 
of the forks, about twenty miles east of our trail. 

The river, North Fork, which we ascended July 2G, August i', wa? 
fed by many pure mountain-streams, flowing abundantly from botb the 
north and south. These often consisted of a succession of falls, some- 
times of 100 feet, over the volcanic siiles of the canon ; most of them, 
however, were furious torrents, over steep inclines, broken by great 
masses of rock. 

At the headwaters, where the sources were attainable, the tempera- 
ture of these was fonnd to be invariably 50°, (air 71° to 80°.) They 
were pui-e, or nearly pure, as they exiiibited no reaction. The water of 
one spring, 100 feet beneath the top of the pass over the mountains into 
the Yellowstone Valley, gushed from a bole in the perpendicular rock 
and made a perfect fall of 20 feet before reaching its first flowing sur- 
face. 

The pass into the Yellowstone Biutin, August 2. At no time or point 
of our subsequent trail within the Yellowstone region was spread out 
for ua a more complete or effective view of it than here in the Sierra 
Shoshonee Mountains. Sulliciently above timber-line to meet with no 
obstruction, we in wonderment looked upon -the great placid lake 
glimmering in the sun, imbedded in ridges, among bald peaks and tim- 
bered bills ; a great tlowered lawn here, a dense forest there. A large 
ascending mass of steam marked the Firehole section ; others, smaller, 
the localities of less thermal activity : the coui-se, entrance, and exit 
of the river, the whole water-shed of the valley as au amphitheater; 
the sceue backed by the Teton range, with its sharp cut and jagged 
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activity diflfer in all. A common reservoir for two mountain-streams 
and innumerable hot springs, it supplies a good stream to the lake. Its 
clay-colored surface was in constant agitation by the bubbling gases, 
carbonic acid, and snlphureted hydrogen; itstemperature near the shore 
varied whether taken near the entrance of a hot stream or not, though 
only a few degrees, the lowest being 60^^, highest 70^. Reactions were 
obtained for iron, alumina, magnesia, sulphates, and sulphides. 

The shore of this pond presented, as compared with that of tlie others 
to be mentioned, a diminutive representation of the activity of its class. 
A scaly surface, almost 100 feet wide, was broken by countless springs 
of all shapes and sizes, temi>erature8, contents, and deposits, from tlie 
emission of a fine puft'of steam, or little bubble, to a spring a few feet 
in diameter, varying from 66^ to 192^, sometimes two within six inches 
of each other differing 20^ to 30^, and containing in different propor- 
tions lime, magnesia, iron, and alumina, sulphates, chlorides, sulphides, 
,and silica. Indeed, some of the waters tested failed to show the presence 
of lime or iron, and alumina. Their deposits or surfaces about them, in 
all cases brilliantly colored, were as various ; gr^en, ( Confer voidea,) yellow, 
red, or white prominently ; and the forms of them were as many as the 
colors, dry scaly layers,glazed viscous precipitates, and villous or noduled 
masses. The last, for the most part, consisted of a greeir base covered 
with white fungiform protuberances, the manner of the formation of 
which I could at no time suspect. 

A little southeast of the lake, but in the same class, were a number of 
larger springs than those immediately about it, whose waters flow into 
it, and two mud-craters in some way connected with it. On the rim of 
its barren shore, unusually near timber and grJiss, was a circular hole 
20 feet in diameter, borders clean cut, filled to within 1^ feet of its top 
with a steaming, bubbling, and thudding mass of seemingly plastic and 
drab-colored mud, (184^.) It had no visible outlet, but its relation to the 
common reservoir of the surrounding springs may be gnossed from the 
fact of the hollow-sounding surface 25 feet above it, which wais broken 
by small orifices, puffing steam, lined with sulphur crystals. At times, or 
spasmodically, the mud in the middle of this hole was thrown a foot 
above the level surface ; and strewn on the ground near its border w as 
found a number of chunks of sulphur which is nearly pure, being nearly 
all soluble in benzole. A specimen of this mud contained iron, alumina, 
lime, (apparently in small quantity,) magnesia, sulphates, hyposul- 
phites, and sulphur. 

The companion of this mud-spring, south of it, differed from it in no 
respect except by being smaller and puffing like a steam-engine. 

Three water springs of large size were found on the banks and in the 
bottom of one of the mountiiin streams running into Turbid Lake. One 
of these was remarkable and curious in its violent ejection of hot water 
3 to 5 feet from the midst of a cold, rapid stream. The others (180^- 
182°) gave large flows to the creek from slightly-elevated banks, but 
from the enormous mass of deposit (some nearly pure sulphur) about 
them, I think they will soon become extinct. 

The banks of relican Creek, which we followed to its mouth to Camp 
38, presented for the most part very little of importance until a few 
miles from its entrance into the lake, where were found remains of 
extinct springs and a collection of active sources in many respects 
peculiar. 

From a high, large, red bank, flowed into the creek two hot streams 
beginning in little springs, (average 124o,) depositing the same noduled 
masses as some waters at Turbid Lake. One, after flowing a few feet, 
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<lisapi)cared through a xmall hole in tlie bank and re appeared 70 paces 
belnw, when it continaed openly its course to the river. Although a 
tow of these springs steamed and gave off the odor of sniphareted 
hydrogen, none bubbled carbonic acid. Curiously, the red bank con- 
taiiieil carbonate of iron. The Indians with us used its material for 
pi^'uient to ornament themselves and horses. It is of mixed consist- 
ency, color, and texture; portions being soft and oily to the touch, 
cithers hard and irrefragable ; from dark to light red, with purple and 
brown intermixed; compact or loose; and these differences not owing 
to the depth from which taken. It is partially soluble in water, [chlo- 
ridt'S of lime and magnesia,) partially in acids, (carbonates of iron and 
linir.) A portion of the hardest intermixed with white, contained: 
Hilica, 70 per cent. ; iron, 29,54 per cent. ; lime, .13, with traces of mag- 
nesia. The hard white notluled deposit from the bed of the Howing 
spring, a tew feet from its source, lost on ignition 0.50 jierceut. and 
contained 75.55 of silica, with iron and alumina, lime and magnesia. 
A soft green, white, and brown granular s[>ecimen, taken from a spring 
neiir this, lost on ignition 11 per cent, and containe<l S3 of ailica and 
other similar contents The waters contain^ iron and alumina, mag- 
nesia, sulphates, and chlorides. 

Here in one of the average (124^) springs animal life was active. 

Between the mouth of Pelican Creek and Steamy Point, on the shore 
of the lake, is a chain of springs ( 10U'^-192°) some steaming, most of 
them with lead-colored deposit and water, all bubbling carbonic acid, 
and only some snlphuret<.'d hydrogen. In one I noticed the gases rising 
from small holeH similar to those of the springs at Camp 37, and from 
the top of little cones in its bottom. One, (lOG"^,) the largest, and like 
Turbid Lake a reservoir, bubbled along its shore, while its banks were 
lilted like it with small active, and remains of small extinct springs. 
One, 20 feet from thelast,3 feet in diameter, temx>erature 120°, lead-colored 
deposit, reacted for sulpbureted hydrogen, iron, alumina, and soda, 
sulphides, sulphates, and hyposulphites, and became very acid after 
:4tanding four hours. 

Clearer Steamy Point another like series of springs around a bubbling 
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Its water, taken from below all its sources, contained only iron and 
alumina, sulphates and chlorides. It is formed by several groups of 
springs about Camp 39, closely allied, judging by the great prevalence 
in all of iron and alum. Two springs in one set north of us, (156^ 
and 158^,) each 4 or 5 feet in diameter, muddy bubbling contents, with 
no outlet visible, emitting a strong odor of sulphureted hydrogen, and 
ejecting with it sulphurous-acid gas, contained lime, iron, and alumina, 
magnesia, sulphates, sulphides, chlorides, and hyposulphites. They are 
surrounded by countless springs and mud- vents of all temperatures; 
the contents of one of the latter, a very lar£:e one, are colored like mo- 
lasses, and have in agitation a curious intermittent thudding sound. 
Of the others, the sha<les are as various as their temperatures, black 
mud and lead, light and deep green, colorless, &c. Six of those with 
light green water, (SS^-lOOo,) having an outlet, and very acid, gave 
only reactions for iron, alumina, magnesia, (abundant,) sulphates, 
su1[)hides, (slightly.) Two in the same group had water, blackish, 
(deposit drab-green,) boiling (170O) and bubbling so violently in deep 
oblique holes as to be thrown out in great waves, slightly acid, and 
containing iron and alumina, sulphates, and sulphides. The sulphur 
was hardly appreciable after the water was taken out, but together 
with hyposulphites was deposited in great quantity. 

Another group, separated from the last by a small ridge filled with 
the remains of springs and apparent geysers, possessed not so many 
springs but all of the same kind excepting one, (140<^,) which had a col- 
orless water, more acid than any tested, and contained iron, alumina, 
sulphates, and sulphides, (slightly). 

All of these springs tested emitted sulphureted hydrogen, (some 
steam and sulphurous-acid gas,) the deeper-colored the greater quan- 
tity, bat none evolved carbonic-acid gas. The deposits of all contained 
silica in various though small proportions. 

Sparsely scattered along the east bank of the river at the bottom of 
the ca£ion there are some small springs, pouring their water directly into 
the river. Sulphureted hydrogen was freely emitted from all, carbonic- 
acid gas from only a few. Their salts were the same and as differing 
as those of the springs at Camp 39 and on Turbid Lake. One, however, 
was remarkable in being something like a geyser in its action, that of 
ejecting five feet transversely through the air and directly into the river 
a thin stream from the top of a conical eminence. 

August 10 — Camp 40 — We found a number of springs on the bank of 
Orange Creek, which where we crossed had a fine api)earance, fiowing 
rapidly between rocky and timbered hills, over a bright orange, siliceous 
bottom, though its valley is redolent with odors of sulphurous gases. 
All of these differed in temperature; two of the largest, within a few 
feet of each other, were of 170^ and 196o. The first (green-yellow de- 
posit) sending a blackish water into the stream, contained iron and alu- 
mina, lime, sulphates, hyposulphites and sulphides, and silica, which last 
deposited in enormous quantities. 

The largest and most numerous steam-jets we saw in the Yellowstone 
region were found here, in a gap giving egress to a small stream arising 
from them and flowing from the south into one of the forks of Orange 
Creek. Its sides and bottom, of deep-red and yellow, included about 50 
acres and were filled with hundreds of steam-jets, but contained only a few 
small holes bubbling hot water. Over the greater portion of its surface 
the ground w as very insecure, often breaking under the tread and expos- 
ing soft sulphur crystals, from the midst of which issued a new jet. Hard 
chips of sulphur, in very great quantities, are strewn about. Scattered 



300 RECOSNAISSANCB OF NORTHWESTERN WYOMING.- 

in tbis gorge on firm fonodation were rocks of all sizes, some aO feet 
liiRh, from beneatli most of which violently puffed steam which depos- 
ited on the roofs sulphur crystals. There were two very large vents, 
whose action could be heanl a great distance, that of throwing columns 
of steam from caverns halfway up the declivity, 200 feet into the air. 

These, together with a few others not so large, emitted small, clear 
streams with variegated deposits, which nnited to form the main otie 
through the gap. Water taken about 20 yanU from tlie greatest jet, us 
near as one dared to venture, hail a temperature of 14l°, while the tem- 
perature of the steam issuing from tbe smaller and accessible vents 
waslINP; of the air 50^. It contained iron and iilumiua, miignesia, 
])robabIy, and sulphates. 

Six miles tl-om Camp 40 on our trail was found a group of springs in 
a ravine the upper half of which was filled with extinct springs, wiiere 
the water flowing through it was potable, the lower half with active 
sources greatly acidifying it. Thes« wei-e (contents, deposits, &c.) ex- 
actly like the last- mentioned. Farther on anotlier group similar to that 
about Turbid Lake exists. A large central pond, water lUO^, with an 
outlet giving a considerable tlow toward a smalt creek, is surrounded 
by many small, clear, bubl)ling springs with nearly the same variety of 
temperature (86°-150O) and with the same deposits. Near it is a miid- 
hole (40 by 2.^ feet) in violent agitation, so much so that tlie mn<I in its 
center is sometimes thrown 2 to .1 feet in the air — great waves of mud 
l)eiDg thrown with considerable force against and over its sides — but in 
other respects having the same characteristics as those at Turbid Lake. 

No waters of importance were met with during our journey over the 
high divide to the East Fork of the Yellowstone Itiver from the camp 
on which we visited the celebrated Hot Springs at Gardiner's Kiver. 

The region about the East Fork of the latter river is one of great beau- 
ty. The hills are broken by the stream, which nearly the whole distance 
to its moutli runs through canons and over precipices, making fine falls 
L'onstautly exposing their structure of volcanic rock, basalt, and tra- 
chyte, topiwd by columnar ridge-s of metamorphio limestone; the fiills 
;ind rapiils alternate i[i (juick succession and give life li> the 
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above, or, if this is cut off, percolates from others in its vicinity, prob- 
ably through its own bottom, signifying, I think, early extinction.) 
The deposit on their bottoms is as multiform as the whole system of 
crystalization. A thin sheet of pure white, looking like rice-paper and 
breaking to the touch, is very abundant; little white spheres J to ^ inch 
in diameter, with one small opening, their exterior rough, somewhatlike 
a mulberry, interior smooth — also very fragile — exist in all, and in some 
cover completely and form the bottom. Many tubs are lilled with cor- 
alloid crystals sjmuging from the bottom and branching like trees or 
si)reading over the surface in all conceivable shapes. In one basin I 
observed, attached to a beautiful sandy bottom, an abundant, very thin 
gelatinous growth 3 inches high, shaped like a mushroojn, and of the 
same bright yellow color as the oscillating silky substance found more 
frequently. J he white deposits are sheets of lime, (mainly,) rapidly pre- 
cipitated, beneath wliich become entangled bubbles of rising gas which 
slowly molded the spheres. Other forms are accounted for by crystaliza- 
tion and deposit of the contents qf the water, sometimes modified by 
intermixture, with minute organic matter, or even by the presence of 
large growth, as twigs and leaves blown into a basin. 

The colors of the granular contents of many bottoms differ wonder- 
fully ; white, violet, pink, tieshcolor, brown, red, green, yellow, &c. As 
noticed by observers before, the basin temperatures were curious, often 
those of two lying together diil'ering 30^ to 4(P, and the colder, though, 
in general, not always the farthest removed from its source. Of these 
the lowest 1 took was 7(P, the highest li4Py with all shades between. 

Between basins are smooth covered slopes, which contribute mostly to 
the general cascade appearance. They are nearly pure white when the 
water is falling over them. Their structure is as various and as won- 
derful as that of the basins — generally small radiating crystals giving 
the mass an asbestos-look, (when the water flows over it from basin to 
basin ;) sometimes a smooth surface becomes rugose by ripples coursing 
in all directions, (abundant specimens among the extinct springs;) 
sometimes the exterior is shaped like scales overlapping each other — 
mailed. Often these slopes terminate abruptly without connecting with 
a basin below or with a more horizontal suii'ace; their under surface, 
then, is composed of small, many-colored stalactites, finely fringed, and 
having the appearance of wings, feathered horns, &c. Sections of level 
floor have the siime structure, forms, colors, &c., but are thicker and 
have larger stalactites beneath. The temperatures of the sources taken 
last year do not ditier materially from those tabulated by Dr. A. 0. 
Peale, (Hay den's report for 1872,) excepting one, which we succeeded, 
alter considerable trouble, in taking at the center where the water was 
violently agitated and thrown a foot or more high, (No. 1*2, Dth ter- 
race of Teale); — it was found to be then Wi^. All of the springs on 
all of the terraces evolved carbonic-acid gas, sulphureted hydrogen, 
and vapor, all in difterent proportions. The water of one little si)ring, 
on the 12th terrace, (130°,) alum taste and acid, contained silica, lime, 
magnesia, iron, alumina, carbonates, (slight,) sulphates, sulphides, and 
chlorides. The water of the springs (13th terrace) flowing from geyser- 
like tubes on the largest mound contained silica, lime, iron, carbonates, 
chlorides, and sulphides. There was no spouting, during our stay, from 
any of these, as witnessed by Peale in 1871, although now and then a 
rumbling sound from beneath the mound or the more violent gurgling 
of one or two sources seemed to threaten such an eruption. 

A deposit, yellowish-green, scraped from th(j surface of one of these 
mound-springs, nearly all soluble in water, contained very little silica, 
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iron and alnmiDa, lime and magnesia, carbonatea, hyposulphites, sul- 
I)hat«8 and sulphides. The white deposit of extinct springs near the 
" Liberty Cap" reacted for carbonic acid (very abundant) and lime, with 
a trace of iron and very little silica. 

A pure white deposit (powder) of one of the springs on the 31th ter- 
race contained lime and magnesia, carbonates, trace of iron, trace of 
sulphur, and very little silica. 

August 23 — Camp H. — Before reaching this point a camp was made on 
Cascade Creek, which is of no special interest outside of its beautiful 
fall into the Yellowstone River. Leaving it and the falls of the river, 
we passed the locality named Mud Volcanoes, where were a number of 
springs of the same class as and similar to Turbid Lake. Here, flowing 
into the river, is a small creek, (Alum I) which we followed tu near its 
source in the little divide between the Yellowstone and the Madison, 
(Firchole.) All along its banks were hundreds of boiling and bubbling 
springs and remains of extinct ones, all of which may be classed with 
the last, although there is a greater profusion of clear ahim-springs 
evolving only sulphureted hydrogen, intermixed with the others, than 
elsewhere. One, near the head of the stream, was for the most part 
walled (C feet high) by its deposit on small timber, which, partially sili- 
citied, gave it the shai)e of a yellow ish-browu snaggy cone. Although 
not exactly like a geyser, it nevertheless threw constantly its water (194°) 
with great violence against its sides and 8 feet into the air. It contained 
lime, iron, alumina, magnesia, sulphides, snlphates, and chlorides, and 
evolved no carbonic acid but sulphureted hydrogen. All of the springs 
surrounding it, very unmerousand close together, evolved carbonic-acid 
fias, but, strarrgely, some of them only it and sulphuretol hydrogen. 
The creek above, besides being supplied by many small springs (1(MP- 
180°) on ita banks, contains in its bed many bubbling carbonic-acid gas 
bat no sulphureted hydrogen. 

The temperature of the running water here was 84°. However, a 
tread or the mei-e piercing with a stick of its sandy bottom anywhere 
within one-half mile, started a thin, hot, and unhearable stream contain- 
ing carbonic-acid gas, but no sulphureted hydrogen; of course, as its 
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high, and evidently are, or were, geysers. One spring, (102o,) evolving 
only carbonic-acid gas, differed from the rest in its sides, not sloping 
toward its center, bat uniformly away from it and under its banks, and 
was apparently bottomless. 

In the most active (geyser) space, the surface surrounding each basin 
or geyser for 100 yards or more is composed of white, scaly, siliceous 
deposits, is mound-shaped, gently rising a few feet, and only broken here 
and there by water trickling down. Frequently at the base there are 
traces of little basins, something like those at Gardiner's Elver ; at the 
top they exist whole, but never more than 3 to 4 inches deep, thus in 
some measure giving to the whole a terraced appearance. The top 
contains the spring or geyser, averaging in this basin 10 to 30 feet 
across, irregularly shaped, often like the contour of the human ear, and 
bordered generally by a corrugated elevation of 2 to 3 inches of various 
beautiful and brilliant colors. On looking into the limpid water from 
the rim one can see that he is standing on a thin projecting shelf. The 
water is constantly boiling and steaming in one or two places, and bub- 
bling great gas globules over the rest of the surface ; these were car- 
bonic acid and snlphureted hydrogen. In one case I succeeded in taking 
the temperature when the geyser was in action, throwing water 30 feet, 
and found it to be 200^. 

In the Lower Basin there are very few springs with rims elevated more 
than 2 to 3 inches; one, however, was about 12 feet high, dome-shaped, 
having no water visible, but constantly puffing steam, and only inter- 
mittingly ejecting water 5 feet. In all cases in both basins where so 
great a deposit had formed as to hide from view the water, the internal 
border of the orifice was composed of from 4 to 10 beautiful rounded 
surfaces covered with little crystals of white, yellowish, drab, &c. ; some- 
times surrounding the base of these are small holes, vent probably, giv- 
ing issue to steam and an occasional spurt of water. 

The water of the geyser mentioned above (30 feet) contained silica, 
iron, alumina, lime, magnesia, (trace of,) sulphates, carbonates, chlorides, 
and sulphides. A specimen brought home to obtain the quantity of 
silica for the purpose of couiparing with a like specimen from the Upper 
Basin was unfortunately lost. 

The Upper Geyser Basin differed from the Lower in greater activity 
and larger deposits. As the manner and periods of eruptions of geysers 
have been described and noted, and as our stay was so brief that few 
observations only could bo taken, I refer you to these descriptions : 
Doane's, Barlow's, Hayden's, &c., and to Prof. T. B. Comstock's col- 
lated tables.* 

'^Old Faithful,^ the most notable for its having furnished the best 
opportunities for transient observations, ejects water containing .14 
grammes silica to the litre,t lime, a very small quantity of iron, alumina, 
and magnesia, carbonates, sulphides, chlorides. The pools at the base 
of its mound are filled with water, lowering between the eruptions to 70^, 
while those about the vent (containing pebbles) retain a gi*eat deal of 
heat, varying according to proximity. In some of the latter, just pre- 
vious to an eruption, the thermometer showed ]22o, 130^, 138^. 

The water of a spring or geyser, (not determined,) at the opening of 

* Vide Scientific Value of Yellowstone Park, by T. B. Comstock, B. S., Geologist, &c., 
in American Natnralist, vol. viii, Febrnary, 1874. 

t The geyser water of Iceland contains 5.40 parts of silica in 10,000 parts of water, 
the remainder of the total (10.75) constituents beini; soda principally, (•2.74.) In all 
Yellowstone geysers this base appears to be replaced by lime, there being traces 
only of soda. 
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tlic XJpi)er Basin on tbe trail along Firehole River, with a drab, nodii- 
hir deposit, contained iron and alumina, magnesia, carbonates, cbloridea 
and BulpLides, bat no trace of lime. 

By analysis the geyserites of tbe Upper Basin do not difter esaen- 
tially from eacb otber in tbe (quantity of silica tliey contain; the loss 
on ignition, bowever, is comparatively smiill when the specimen is old or 
taken from the lower layers. I'lWe Doctors Enillicb's and Pealc's analyses 
in Hayden's Eei>ort for 1872. Tbe results obtained from four analyses 
since our return are nenrly tbe sanie as tbose. I tbink it, therefore, 
protwr to note only that one of my specimsns, a pietie whieb was fonnd 
broken off for some time from the rim of a little geyser near the 
•'Giantess,'' and lying loose some distance from it, with a velvct.v, diab 
surface and interior of pearly luster, lost on ignition U ])er cent., and 
contained 03 per cent, of silica. It ihns closely resembles in analysis 
the opaloid, stratiform specimen No. 2 of Doctor Pcjile, (p. 154 Hayden's 
]ieport 11S72,) though in description is more like Xc>. 1. However, it 
bus only traces of iron, the remainder consisting of magnesia and lime. 

Camp 48. Angust 28, on west shore of Yellowstone Lake. Two miles 
of the shelving beacli here are fllle<l with thermal springs, wbicli extend 
a mile back of the lake, with cbaracters generally like those in tbe Fire- 
bole Valley. Many of them are walled higb, or are on conical emi- 
nences — two perfect ones in tbe waters of the lake, some distance from 
shore. The tem])eratures range from 70° to 180°, and all evolve car- 
bonic acid; a few only, snlphurett'd hydrogen. One (8(P) whitish- 
water, like slaking lime, clay-colored deposit, and slightly acid, contained 
silica, (ver>- little,] iron, alumina, liuio, magnesia, sulphates, sulphides, 
and chlorides. Another, near it, (ICUo,) evolves water, drab deposit, 
slightly acid, reacted only for iron and alumina, sulphates, and cblorides. 
Another, (lOOo,) with rcildish-brown, soft, gelatinous, fullicular deposit, 
evolving carbonic acid, contained soda, time, magnesia, iron, aliuniiia, 
.silica, salphides, cblorides, and sulphates. This group can be classed 
with the springs of the Firebole Valley; wbetber any active geysers 
are among them has not been determined. 

]n our conrse around the southern shote of tbe lake ami up the Yel- 







RECONNAISSANCE OP NORTHWESTERN WYOMING. 305 

only by medical hydrologists, but more so, probably, by geologists and 
physicists; for no one who has witnessed the character of geyser-action 
can fail to suspect an immense influence of subterranean gases (espe- 
cially carbonic acid) as a motive-power. 

Moreover, before starting, through the kindness of Surg. J. B. Brown, 
U. S. A., medical director of this department, reagents of all kinds— 
a complete outfit — were supplied for qualitative aualyses ; for it was 
very well known that quantitative analyses could not be made on account 
of our rapid transit and the abundance of material. Indeed, much 
more than was required was taken with us, and, consequently, much 
that under the circumstances became a useless burden : several ex- 
periences, in other words, are necessary to select what is necessary. In 
this connection, should any new student in this field (open-air chemistry, 
nnder similar circumstances) desire to know what is or is not requisite, 
I will be glad to furnish him the needed data, since, after discovering 
the unwelcome facts, I took pains to note wants and superfluities. 
However, in anticipation of imperfect work, means were suspected and 
amply taken to bring back waters, deposits, &c. Of the waters (60 
specimens in pints) only 20 were brought unbroken to the Union Pacific 
Bailroad, and these, through some oversight or unexpected delay, were all 
frozen and rendered worthless before reaching Omaha. As an instance, 
one specimen of geyser- water from the Lower Basin, brought for the 
purpose of comparison (silica) with that of the Upper Basin, had frozen 
and was mostly lost, and what remained had deposited all of its silica, 
as no reaction for it could be obtained. 

In consequence of these difficulties experienced, and many others unfore- 
seen, of the great scientific value in innumerable respects of the Yellow- 
stone region, I fear that much that is now passing there will remain 
nnobserved until such times as the permanent residence of observers is 
secured by appropriations by the Government, and their material pre- 
served likewise by a properly-paid superintendency. 

Chemical analysis comes in particularly for mention in assistance to 
geology* and to medical hydrology, a much-neglected branch of medi- 
cine in the United States, except when for the benefit of this or that 
corporation or landholder. 

From my own imperfect analyses, I would classify the thermal points 
of the Yellowstone Basin as follows, premising that no definite system 
(prevalence of an acid, gas, or base) has been copied,t and that the num- 
erous springs in the localities mentioned are merely generalized and do 
Dot exclude some with them possessing other characters : 

For the localities see context. 
Neutral and containing — ^ Turbid Lake. 

1. Carbonic acid and > East shore of Yellowstone Lake. 
Sulphureted hydrogen. ) Eight miles from Orange Creek. 
Acid and ) Opposite head of Yellowstone Kiver. 

2. Sulphureted > Caiion (falls) east side of river. 

hydrogen only. ) Orange Creek springs, six miles from Orange Creek. 

* Vide Geology of Northwestern Wyoming, by Theo. B. Comstock, B. S., American 
Journal of Science and Arts, vol. vi, December, 1873. 
iBarrault— Eaux minerales — is probably the best to use becanse the latest. 
Eiuix: 

1. Chlorines Sodiques, (6 divisions.) 

2. Bicarbonates, (3 divisions.) 

3. Sniphates, (4 divisions.) 

4. Salphnrenses, (2 divisions.) 
6. Ferrnginenses, (4 divimons.) 

Others, like Dunglinon, (Dictionary, art. Waters, Mineral,) or Nysten, (Dictionnaire d* 
Medicine, &c., art. Eanx minerales,) classify, 1. Gaseoas or aoidolous. 2. Chalybeate. 

3. Saline. 4. Salphureoas. 

H. Ex. 285- 20 
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■ martefl_ J Pelican Cr«ek BpriDgs, six miles from its month. 
Lime and ) 

4. Carbonic acid, > Gardiner's Biver. 

marked. > 

5 *aSniSf I ^saev region {Fire Hole Valley,) westside Yellowstone 
'marked. ) ^^^' 

Prom a therapeutic point of view, as there is no recognized Bystem 
attainable, and elaborate chemical (qnantitative) analyses and medical 
observations are necessary, it is difficult to make comparisons with other 
well-known sources. Barrault says that " the appreciation of springs 
is like the science of physiognomy ; two sources may have the same 
constituents in close proportions without being identical from a thera- 
peutical point. In consequence, every analysis must be considered only 
as relative. Nevertheless, the chemical constituents of a water, the 
prevalence of one element over another, its temperature, balneo-tk era 
peutieat means, the climatology of its position, are very valuable indices 
to the physician iu the selection of a water." In this connection 
Nysten (Dictioonaire art. cit.) remarks of snlphareted waters particu- 
larly, that they are the most difficult to imitate, and although their 
comi>osition is now well known, neverthelesA there is something outside 
of chemical analysis which is not understood, for the manufactured 
waters do not have exactly the same effect as the natural. 

I made several attempts to experiment on the effects of different 
sjirings, bat as the time allowed was short, nothing was determined. 

Ganliner's River prings (external use) seemed to alleviate chronic 
rheumatism, aud, no doubt, would by protracted use cure some forms 
(syphilitic t) of dermatoses ; both believed by residents and the invalid 
visitors from Montana. 

However, taking the points mentioned by Barrault, I would suggest 
the probable relation of the following springs to well-known sources: 

1. All those which emit carbonic-acid and sulpbnreted-bydrogen 
gas, (lose Bulphiireous prineijile on keepiug,) to Aix-Ia Chapelte. Mein- 
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lemarkable — ^probably no resort in the world comparing with this 
legion. 

A few objections only occur: one, that of the hygienic action of the 
position. This is defined by Barranlt as the influence of altitude, climate, 
temperature, (relation to water,) &c. 

Eeference to the meteorological tables will explain the unfitness of 
this region except for non-ddnlitoMng diseases, those of the cutaneous 
and lymphatic systems of the skin, scrofulous (but not tubercular) dis- 
orders, rheumatisms, and articular maladies. For asthmatic diseases, 
bronchial catarrhs, and some forms of dyspepsia ; for phthisis, mala- 
rial sequelae, &c., it is evidently inappropriate, and for an additional 
reason, that of the debilitating result of even a few days' inhalation 
of the sulphureous air about springs — a constantly-noted fact by many 
members of your party. At present there is one other objection, reme- 
diable, that of the expensive accessibility to invalids of this basin, this 
to be corrected only by a direct road from the Union Pacific Railroad, 
and suitable measures for their retention. 

Very respectfully, your obedient servant, 

O. L. HEIZMANN, 
Assistant Surgeon U. 8. A. 

Oapt W. A. Jones, U. 8. Engineers. 



BOTANICAL REPORT. 



Bv Dr. C. C. Pakrt. 



LIST OF PIAHTS COLLECTED. 

Dear 8i£ : Tbe foUowing comprises a list of tbe plants collected on 
the route of tbe N'orthwestem Wyoming ex[)e(lition, under your com- 
maud, during tbe season of 1873. 

Tbe numbers affixed are those under which the collection has heem 
distributed to the princii»al herbaria of this country and Europe. 

A general sketch of the botanical feature« of the country passed over, 
Vk ith DOtices of rare plants and descriptions of tbe new species collected 
on tbe exiwdition, has been published by your ]>ermiB8iou in tbe Ameri- 
can liTaturalist, being included in consecutive numbers of vol. viii, for 
January, February, March, and April, 1873. 
Eespectfully, your obedient servant, 

C. C. PARET. 

Capt W. A. Jones, 

Ungineer Corps, U. S. A. 

Datenpoet, Iowa, April 1, 1874. 

BOTANICAL LIST. 

Bo. 1. Ckmatii Douglaaii, Hook., Camp Stambaugb, Jane. 

No. 2. Aquilegia Jlaresceng, Watson, Yellowstone Park, Augast. 

Aqvileffia cwruka, Torr., Owl Creek range, July. 
No, 3, Aquihyia JonenU, ii. sp., Owl Creek lauge. July. 
No. 4. Delphinium Mensiesii, DC, Fort Biidger, June. 
"■ Delphinium azureum, Michx.. Wind Bivi 
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No. 26. Nasturtium lyratuMy Nutt., Yellowstone, Aagost. 

No. 27. Subularia aquatica^ L., Yellowstone Lake, Augast. 

No. 28. Arabia Drumm&ndiiy Gray, Stinkingwater Pass, Aagast. 

No. 29. Sisymbrium canesoenSy Nutt., Stinkingwater, Augast. 

No. 30. Arabia canesoenSj Natt., Stinkingwater, Augast. 

No. 31. Draha alpina^ L., Stinkingwater, August. 

No. 32. Cleome aurea^ Hook., Green River, June. 

No. 33. Viola Nnttalliij Pursh, Wind River, July. 

No. 34. Viola Nuttallii^ var., Stinkingwater, August. 

No. 35. Arenaria Franklinii, Dougl., Wind River, July. 

No. 36. Arenaria Hookerij Nutt., Wind River, July. 

No. 37. Arenaria oongestay Nutt., Wind River, July. 

No. 38. Arenaria pungens^ Nutt., Stinkingwater, July. 

No. 39. Arenaria arctioaj Steven, Owl Creek, July. 

No. 40. Arenaria Bosini, R. Br., Owl Creek range, July. 

No. 41. Cerastium arvense^ L., Owl Creek, July. 

No. 42. Lychnis JDrunimondii, Watson, Owl Creek, July. 

No. 43. Lychnis AjanensiSj Regel., Owl Creek range, July. 

No. 44. Spraguea umheUata^ Torr., Stinkingwater, August. 

No. 45. Leicisia rediviva^ Pursh, Wind River, July. 

No. 46. Calnndrina pygmcea, Gray, Wind River, July. 

No. 47. Calyptridium roseum^ Watson, Green River, June. 

No. 48. Sphwralcea acerifolia^ Nutt., Snake River, September* 

No. 49. Rhammis alnifoliusj L. Her., Stinkingwater, July. 

No. 50. Laihyrus linearis^ Nutt., Wind River, July. 

No. 51. Thermopsis fabaeea^ var., montana^ Gray, Big Sandy, June. 

No. 52. Lupinus pusillns^ L., Green River, June. 

No. 53. Lupinus minimus, Doug., var., Stinkingwater, August. 

No. 54, Lupinus sericeus, Pursh, (!) Wind River, July. 

No. 55. Lupinus argenteus^ Watson, Wind River, July. 

No. 56. Lupinus argenteus, var., Yellowstone, August. 

No. 57. Lupinus cwspitosus, Nutt., Stinkingwater, July. 

No. 58. Lupinus cwspitosuSj Nutt., var., Yellowstone Falls, August. 

No. 59. Sedysarum horeale, Nuct., Owl Creek range, July. 

No. 60. Hedysarum Mackenziei, Rich., Wind River, July. 

No. 61. Trifolium gymnocarpon, Nutt., Green River, June. 

No. 62. Trifolium Andinum, Nutt., Ham's Fork, June. 

No. 63. Trifolium longipes, Nutt., Sweetwater, June. 

No. 64. Trifolium dasyphyllum, T. and G., Wind River, July. 

No. 65. Ajstragalus ventorum, n. sp.. Gray, Wind River, July. 

Astragalus mega^xirpus. Gray, Camp Brown, July. 
No. 66, Astragalus sericoleucus. Gray, Wind River, July. 
No. 67. Astragalus triphyllus, Pursh, Owl Creek, July. 
No. 68. Astra^galus simplicifolius^ Gray, Green River, June. 
No. 69. Astra^galus ceespitosusj Nutt., Stinkingwater, July. 
No. 70. Astragalus Missouriensis, Nutt., Wind River, July. 
No. 71. Astragalus glabriusculus, Gray, Wind River, July. 
No. 72. Astragalus lotijlorus, Hook., Wind River, July. 
No. 73. Astragalus Oeyeri, Gray, Green River, June. 
No. 74. Astragalus Purshii, Doug., Green River, June. 
No. 75. Astragalus flacm^ Nutt., Green River, June. 

Astra^galus Grayi, u. sp., Stinkingwater, July. 
No. 76. Astragalus pubentlsHimus, Nutt., Green River, June. 
No. 77. Astragalus Shortianus, Nutt., Green River, June. 
No. 78. Astragalus hypoglottis^ L., Green River, June. 
No. 79. Astragalus glareoaus, Dough, Green River, June. 
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No, 80. Aatragaltts junceus, Natt., Oreen River, Jnae. 

No. 81. Astragalus campeatris, TSutt, var., Dry Sandy, Jnne. 

No. 82. Astragalus microcystis. Gray, Stinkingwater, Jaly. 

Ko. 83. Aitragalus microiystis, var., StiiikiDg water, Jaly. 

No. Si, Astragalus oroboides, Homem., Stinking water, Jaly. 

No. 85. Astragalus Kmtropkyta, Gray, Stinkingwater, Jaly. 

No. 86. OxytropU oampestris, L., var., Green River, Jnne. 

No. 87. Oxytropis campestris, L., var., Yellowstone, Augast. 

No. 88. Oxytropis campestris, L., var.(T), Owl Creek, July. 

No. 80. Oxytropis visnda, Nutt.(I), Wind Eiver, Jnly. 

No. 90. Oxytropis Lamberti, Parsh, Wind River, July. 

No. 91. Oxytropis Lamherti, Pursb, var., Yellowstone, August. 

No. 92. Oxytropis lagopus, Nntt., Pacific Springs, Juoe. 

No. 93. Spinea betultE/olia, Pallas, Yellowstone, August. 

No. 91. ^iraia Cfcspitosa, Nntt., Owl Creek range, July. 

No. 95. Purskia tr4dentata, DC, Pacific Springs, June. 

No. 96. Ivesia Oordoni, Gray, Stinkingwater Pans, August. 

No. 97. Potentilla Plattensis, Nutt., Stinkingwater Pass, Angnst. 

No. 98. Parnassia fimbriata, Banks, Stinkiugwater, July. 

No. 99. Eevchera cyliTidrica, Dougl., Stinkingwater, July. 

No. 100. Sarifraga Jamesii, Torr., Owl Creek range, July. 

No. 101. Saxifraga debilis, Engel., Owl Creek range, July. 

No. 102. Mitella trijida. Grab,, Stinkingwater, July. 

No. 103. Tellima tcTtella, Beiitb. & Hook., Sweetwater, June. 

No. 104 Eibes oereum, Dougl., Sweetwater, Juue. 

No. 105. Ribes Umustre, L., Yellowstone, August. 

No. 106. Ribes setosum, Dougl., Yellowstone, August. 

No. 107. Ribes Icptantkum, Gray, Wind River, Jnly. 

No. 108. Ribes vUcossissimum, Pursh, Yellowstone, Augoat. 

No. 109. Ribes bracteoaum, Dougl., Wind River, July. 

No. 110. JUpilobium alpinum, L., Stinkingwater, July. 

No. 111. (Enotkera Andina, Nntt., Green Kiver, June. 

No. 112. (Enotkera scapoidea, Nntt., Green River, June. 

'^ : 113. lEiwthera iDrrillorn, Nntt., Yellowstone, August. 
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Ko. 136. Erigeron compositum^ Piirsb, Green River, June. 

Ko. 137. Erigeron radicatuSy Hook, (f), Wind River, July. 

No. 138. Erigeron radicatus^ Hook., var. (f ), Wind River, July. 

Ko. 139. Erigeron canescens^ Hook., Wind River, July. 

No. 140. Erigeron concinum^ T. and Gr., Green River, June. 

No. 141. Solidago Virga-aurea, L., Yellowstone, August. 

No. 142. Townsendia spathulata^ Nutt., Wind River, July. 

No. 143. Townsendia strigoaa^ Nutt., Wind River, July. 

No. 144. Totcnsendia Parryij n. sp., D. C. Eaton, Wind River, July. 

No. 145. Townsendia spathulata^ var. (f ), Stinkingwater Pass, August* 

Toumsendia condensata^ n. sp., Washak^s Needles, July. 
No. 146. Chwnaetis Douglasii^ H. and A., Green River, June. 
No. 147. Chrysopsis hispida, Hook., Yellowstone, August. 
No. 148. Bahiu Cucophylla^ DO., Stinkingwater, July. 
No. 149. Aplopappus inuloides^ Nutt., Wind River, July. 
No. 150. Schkuria integrifolia^ n. sp., Gray, Wind River, July. 
No. 151. Gnndelia squarrosa^ Dunal., Wind River, July. 
No. 152. Eudbeckiu occidentalism Nutt., Snake River, September. 
No. 153. Arnica Parryij n. sp., Gray, Yellowstone, August. 
No. 154. Arnica angustifolia^ var. (!), Yellowstone, August. 
No. 155. Arnica angustifolia^ var. (f). Fort Stambaugh, June. 
No. 156. Arnica longifoHa^ D. C. Eaton, Snake River Pass, September. 
No. 157. Actinella a^^aulis, Nutt., Stinkingwater, July. 
No. 158. Actinella grandiflora, T. and Gr., Wind River, July. 
No. 159. Cosmidium gracilcy T. and Gr., Green River, June. 
No. 160. Tetradytnia canescens^ var. inermiSj Nutt., Green River, June. 
No. 161. Aplopappus suffruticostts^ Gray, Yellowstone, August. 
No. 162. Aplopappus acaulis, Gray, Green River, June. 
No. 163. Aplopappus Nuttallii^ T. and Gr., Wind River, July. 
No. 164. Aplopappus multicauliSj Gray, Wind River, July. 
No. 165. Balsamorhiza Hookeri^ Nutt., Pacific Springs, June. 
No. 166. Balsamorhiza sagittata^ Nutt., Wind River, July. 
No. 167. Seneoio amplectens, var. tara^xicoidesy Gray, Yellowstone, Aag« 
No. 168. Senedo Fremontii^ Gray, Stinkingwater, July. 
No. 169. Senedo camis, Hook., Yellowstone, August. 
No. 170. Senedo Andinus, Nutt., Yellowstone, August. 
No. 171. Senedo lugens^ Ricb., Yellowstone, August. 
No. 172. Antennaria dimorpha, Nutt., Green River, June. 
No. 173. Antennaria dioica^ Gaertn., Owl Greek, July. 
No. 174. Antennaria luzuloides^ Torr. and Gray, Stinkingwater, July, 
No. 175. Antennaria alpina^ Gaertn., var. (T), Stinkingwater, July. 
No. 176. Antennaria Garpathica^ R. Br., Wind River, J uly. 
No. 177. Antennuria racemosa, Hook., Stinkingwater, July. 
No. 178. Tanacetum capitatum^ Nutt., Wind River, July. 
No. 179. Tana,cetum Nuttallii^ T. and Gr., Wind River, July. 
No. 180. Artemisia pedatifida^ Nutt, Green River, June. 
No. 181. Artemesia spinescenSj D. O. Eaton, Green River, June. 
No. 182. Artemesia in^omptay Nutt., Owl Creek, July. 
No. 183. Artemesia scopulorunij Gray, Yellowstone, August. 
No. 184. Artemesia Ludovidana^ Nutt., var., Yellowstone, August. 
No. 185. Troximon parviflorumj Nutt., Green River, June. 
No. 186. Macrorrhynchus glaucus^ D. C. Eaton, Green River, June. 
No. 187. Troximon aurantiacum^ Hook, (f ); Green River, June. 
No. 188. Hieradum Scouleri, Hook., Yellowstone, August. 
No. 189. Stephanomeria paniculataj Nutt, Stinkingwater, July. 
No. 190. Crepis accuminata^ Nutt, Wind River, July. 
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No. 191. Crepit oceidenMU, Niitt., Wind RiTer, July. 
Ho. 192. Port&reUa camuloga, Torr., Yellowstone, August. 
No. 193. Bryanthus Emipetrifonniii, Gray, Stinking water, Jaly. 
No. 194. Ledum glandviosum, Nutt., Yellowstone, August. 
No. 195. Gavitkeria Myrsmitea, Hook., Yellowstone, August. 
No. 196. Mtmotropa hypopothys. L., Yellowstone, August. 
No. 197. Lonkera cfcrulea, L., TeUowBtone, August. 
No. 198. Pyrola dentaia^ Hook., Yellowstone, August 
No. 199. Dodecatheon Meadia, L,, Wind Kiver, July. 
No. 200. Aitdrosaee jiliformi«, L,, Yellowstone, August. 
No. 201. Androaaee Cliarnajaame, L., Owl Creek, July. 

DotyUma raontana, Gray, Wosliakee's Needles, July. 
No. 202. Fh^lipata iutea, n. sp., Owl Creek, July. 
No. 203. PkeliptMfaaBiculata, Nutt., Owl Creek, July. 
No. 204, Penbrtemon Memiesii, Hook., Stinkiogwater, August. 
No. 205. PenUternon Menziesii, Hook., var., Snake Pass, September. 
No. 206. Pentstemon laridfolivg, H. and A., Owi Creek, July. 
No. 207. Pentalemon deusttts, Dougl., Stinkiiigwater. July. 
No. 208. PmUtemon ffracilU, Nutt., Pacific apringa, June. 
No. 209. Pentstemtm secundiflortu, Benth., Yellowstone, August. 
No. 210. PenUtemon humilU, Nutt., Pacific Springs, June. 
No. 211. PenUtemon gluvcug, Graham, Stinkiugwater, July. 
No. 212, Mimulus Letcisii, Pnrsb, Stiukingwater, July. 
No. 213. Mimulns moachatm, Dougl., Stinkingwater, July. 
No. 214. Hunanus FremontU, Gray, Yellowstone, Angnst, 
No. 215. Pedieularis Parryi, Gray, var. (f), YeUowstooe, Augast. 
No. 216. CtMtUleia breviflora, Nutt., Stinking water, July. 
No. 2l7. Cmtilteia Jlava, Watson, Stinkingwater, July. 
Ko. 218. Orthocarpvs Parryi, a. sp.. Gray, Yellowstone, August. 
Ko. 219. Caatilleia affinis, H. and A., Nebraska, June. 
Ko. 220, Echino»permum defexum, Lehm., Yellowstone, August. 
No. 221. KdiiiK'xi/ennum thjlej'iim, Leiim., var., VcliowHtoTH', August. 
No. 222. Myosotis alpestris, L., Stinkiugwater, July. 
No, 223. Myoiotis alpestria, L,, var., Stiukingwater, ,Iiily. 
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No. 245. Oentia/na detonaa^ Fries*, Yellowstone, Augast. ** 

No. 246. Asclepias hrachystephana^ Torr., Oreeu Biv^er, June. 

No. 247. Aceratea viridiiaraj Ell.^ Owl Greek, July. 

No. 248. Polyganwn imAritatiim^ Nutt., Stinkingwater, July. 

No. 249. Rumea pauei/oHmSj NutU, Sweetwater, June. 

No. 250. ^iogonum flatwHj Nutt, Owl Creek, July. 

No. 251. Eriogannm brevuxMley Nutt., Wind Biv^er, September. 

No. 252. Mriogimum (nnUifoUumy Nutt., Green Biver, Juue. 

No. 253. Oxytheca dendroideay Nutt., Big Sandy, June. 

No. 254. Paronychia aesHllifioray Nutt., Wind Biver, July. 

No. 255. Shepherdia argentea^ Nutt, Wind Biver, September. 

No. 256. EUagnus argetUeus^ Nutt., Oreen Biver,. September. 

No. 257. Comandra pallidaj DO., Wind Biver, July. 

No. 258. Atriplex endolepis^ Watson, ined., Stinkingwater, July. 

No. 259. Orayia polygaloideSj H. and A., Green Biver, June. 

No. 260. Koehia prostrata^ Schrad., Green Biver, September. 

— — Stkeda depressa^ Pursh, Green Biver, September. 

No. 261. Atriplex canescenSj Watson, ined,. Green Biver, June* 

No. 262. Betula ooddentaliSj fiook., Green Biver, June. 

No. 263. Salix (!), Wind Biver, July. 

No. 264. Juniperti8 Sahinaj var. procumbens^ Pursh, Owl Creek, July* 

No. 265. Calochortus EurycarpuSj Watson, Yellowstone, August 

No. 266. Fritillaria airopurpurea^ Nutt., Wind Biver, July. 

No. 267. Fritillaria pudica^ Spreng, Yellowstone, August. 

No. 268. SjHrantJiea Bomanzofiana^ Cham., Yellowstone, August. 

No. 269. Allium brevisiylum^ Watson, Yellowstone, August. 

No. 270. Allium Schcenoprasumy L., Yellowstone, August. 

No. 271. Allium Schcenoprasum^ L., Yellowstone, August. 

No. 272. Allium reticulatum^ (Watson, 1181,) Sweetwater, June. 

No. 273. Allium cemuum^ Both, Owl Creek, July. 

No. 274. Allium reticulatumj Fras., Green Biver, June. 

No. 275. J uncus xiphioidesy E. Mey., Yellowstone, August. 

No. 276. Garex Douglasiiy Boott, Fort Bridger, June. 

No. 277. Carex Raynoldsiij Dewey, Yellowstone, August 

No; 278. Carex vitilus, Fr., Yellowstone, August. 

No. 279. Garex aqu4itiliSj Wahl., Yellowstone, August. 

No. 280. Carex rtgida^ Good., Yellowstone, August 

No. 281. Carex Hoodiiy Boott., Wind Biver, July. 

No. 282. Carex festiva^ Dewey, Yellowstone, August. 

No. 283. Carex DougUUiiy Boott, Stinkingwater, July. 

No. 284. Carex tenuiroatriSj Olney, ined., Yellowstone, July. 

No. 285. Carex vulgaris^ Fries., Yellowstone, August. 

No. 286. Carex Jamesii^ Torr., Yellowstone, August. 

No. 287. Carex leporina^ L., Stinkingwater, July. 

No. 288. Uriophorum polystachyon, L., Yellowstone, August 

No. 289. Kceleria cristata^ Pers., Yellowstone, August. 

No. 290. Poay =, (t), Yellowstone, August 

No. 291. Tristeum subftpicatumy Beauv., Stinkingwater, July. 
No. 292. Agrostis scabraj Willd., Yellowstone, August 

No. 293. Festuca , (f ), Yellowstone, August. 

No. 294. Poa tenuifoliay Nutt (!), Yellowstone, August 

No. 295. Melica bulbosa^ Geyer, Yellowstone, August. 

No. 296. Beckmannia cruciformiSy Host., Stinkingwater, July. 

No. 297. Flymus condensatua^ Pursh, Wind Biver, July. 

No. 298. Poa Atidina, Nutt, Yellowstone, August. 

No. 299. Triticum wgilipoidesy Turck., Yellowstone, August. 

No. 300. Calamagrostis Lapponica^ Trin. (?), Yellowstone, August 
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Hfo. 301. CheilantiKa lanvffinoaa, yatt. Owl Greek, July. 

ISo. 302, CygtopterU fragilU, Benth, Yellowatoae Falla, Ane:a8t. 

Ka 303. Woodsia soqpuUna, D. G. Eaton, Yellowstone, Angnst. 

Ho. 304, Woodsia Oregana, J>. C Eaton, Sweetwater, Jnae. 

No. 305. Bofy-yi^ium limaroides, L., Yellowstone, Angnst. 

Ho. 306, Bolrychium simplex, Hitchcock, Yellowstone, Angnst 

LTOOFODIAOE^. 

No. 307. Isoites BoUmSeri, n. sp., Engel, Yellowstone, Angnst. 



No. 308. Trichobasis leguminosarum, Lk., Wind Biver, Jqly. 

No. 309. .^cidiKtn Ranuficalacearum.DO., Wind Biver, Jnly. 

No. 310, ^oidium PxovaleiE, n. ap., 0. H. Peck, Colorado, Jnue. 

No. 311. Mddium Parryi, n. sp., 0. H. Peck, Stinkingwater, Angost, 




ENTOMOLOGICAL REPORT. 



J. D. Putnam. 



Deab Sib : The following list embraces the Coleoptera collected dur- 
ing the months of June, July, and August, 1873, on the route from Fort 
Bridger to the Yellowstone National Park, via Green Biver, South Pass, 
Gamp Brown, Wind River, and Stinkingwater River j and on the return, 
in September, via Snake and Wind Rivers. My opportunities for col- 
lecting were quite limited, having responsible meteorological duties to 
perform at all times, and being almost constantly on the march. For 
these reasons, and also on account of the lack of transportation facilities, 
the collections are much more imperfect than they should have been. 
All the regions passed through, and especially the Wind River district, 
give promise of good yields for future collectors. I am much indebted 
to the officers on the survey for various kindnesses, and to Mr. Henry 
XJlke, who MTy kindly determined the Coleoptersb^ hereafter enumerated, 
for me. I also annex a list of words used by the Shoshone Indians to 
designate insects. 

Respectfully, your obedient servant, 

J. D. PUTNAM. 

Gapt. W. A. JONES, 

United States Corps of Engineers, 

LIST OF GOLEOPTERA. 

Cicindella tranqaebarica^ Herbst, =t7ii2^ari«, Say, Green River basin, 
June. 

(7. duodecimguttata, Bej., Yellowstone basin, August. 

JElaphrtLs Oalifomicus^ Mann., Green River basin, June. 

Nebria hudsonica^ Lee, Yellowstone basin, August. 

Calosoma luxatum Say, Wind River basin, June. 

Carabus Agassii, Lee, variety of 0. taedatus^ Fort Bridger, May ; Wind 
River and Stinkingwater, July. 

Leibia guttula^ Lee, Wind River basin, July. 

Philotecnus nigricolliSj Lee, Green River basin, June. 

Fterostichtis protractuSy Lee, Fort Bridger, May j Yellowstone basin, 
August. 

Pt. Luczotiiy Dej., Fort Bridger, May. 

Amara lacmtris, Lee, Fort Bridger, May. 

A. patrida, Dcj., Yellowstone basin, August. 

Chtoenius serioeusj Forster, Green River basin, June. 

Harpalus amputatusy Say, Green River basin, June. 

H.fiinistusj Lee, Fort Bridger, May ; Yellowstone basin, August. 

H. stupidusy Lee, Fort Bridger, May. 

H.furtivuSj Lee, Fort Bridger, May. 

H. obesulusy Lee, Green River basin, June. 

Bembidium nebraskensey Lee, Yellowstone basin, August. 

jB. ludduniy Lee, Green River basin, June. 
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B. umbratvm, Lee., Green Biver basin, June. 
IhftUeus marginicoltU, Lee., Yellowatoue basin, Augnst. 
Silpha lapponica, Herbst, Fort Briiiger, May, 

S. ramosa, Say, Wind River basin, Jaue. 

Aleochara Inmaeulata, Grav., Green River basin, Jnue. 

Creopkilua villosm, Grav., Yellowstone baBio, Angast. 

PhiUmthus, (undetermined,) Foit Bridger, May. 

iSaprinus pratettsU, Lee, Green River basin, Jane. 

Phalacrua pennicillatus, Say, Green River basin, Jane ; Wind Biver, 
July. 

Nilidula ziczac, Say, Wind River basin, July. 

Dermeatea marnwratta. Say, Green River basin, June. 

D. caninvt. Germ., Green River basin, June. 

AphoMiu dentieviatut, Hald., Green River basin, Jane. 

Trox alternant, Lee., Fort Bridger, May. 

Hoplia laticolig, Lee., Wind River basin, July. 

Serica curtata, Lee., Wind River basin, July. 

8.fr(mtali», Lee., Wind River basin, Jnly. 

Lacknogterna fttsca, Frofal., Fort Bridger, May. 

Polyphylla daxtnlineata, Say, Owl Greek, July. 

Metanopkila Umg^ea, Bay, Stinkingwater Yalley, Jaly ; YellowBtoite 
basin, Augnst. 

Acmteo^ra mixta, Lee., Wind River basin, July ; abundftnt in the 
flowers of the prickly pear, {Optmtta.) 

Braehyt terminarw, Fabr., Wind River boain, July. 

Dolopiits pauper, Lee, Stinkingwater Valley, Jnly. 

Gorymbites tinctus, Lee., black variety, Yellowstone basin, Angost. 

Podabms, (andetermiQed,) Stinkingwater Valley, Jnly. 

Collops mttatvs, Say, Greeu Biver basin, June. 

C. cribrosus, Lee., Green River basin, June. 
PristoacellU, ae&rfuscua Lee, Wind River basin, Jnly. 
lAstrua interruptut, Lee., Wind River basin, Jane. 
l><>\ieho»iyma foveicoirm, Kirby, Wind River basin, Jnly. 
/*ffiii/ffjt hrcrivxcuhm, Motach.. Gre<;n River basin, June. 
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Criocephales producing, Lee, Yellowstone basin, August. 

Cr. €Lsperatus, Lee, Yellowstone basin, August. 

Monohammus scxitellaUis, Say, Wind River basin, July. 

Oxoplus corallinusy Lee., Yellowstone basin, Angnst. 

[Differs from Mr. Ulke's New Mexico type in having the base of the 
elytra bla<;kisb.J 

Pachyta lituratu, Kirby, Yellowstone basin, Aagiist. 

Acmceops pratensis, L^ich.j=8trigilataj Fabr., Wind Biver basin, July. 

Ac. subpilosaj Lee., Wind River basin, June. 

Oaleruca americana, Fabr., Green River basin, June. 

LupertLB longulus, Lee, Wind River basin, June, July. 

Haltica (Qrapiodera,) inarata, Lee, Green River basin, June. 

Disonycha alternaia, III., Wind River basin, July. 

Saxinus saucia, Lee, W^ind River basin, July. 

Adoxns vitis, Linn., Wind River basin, July. 

Trirhahda aliernafn. Say, var., Yellowstone basin, August. 

Monoxia guttulata, Lee, Green River basin, June. 

Hippodamia Leconteij Muls., Green River basin, June. 

JS. quinquesignataj Muls., Wind River basin, July. 

H. parenthesis^ Say, Green River basin, «lune. 

Cocdnella picta, Rand., Yellowstone basin, August. 

0.<n/a«cwito, Linn., Wind Rivert)asin, July ; Yellowstone basin, August. 

C. transverso-gMttata, Fald., Yellowstone basin, August. 

C. novernnotata, Herbst., Green River basin, June; Wind River basin, 
June. 

Sphenophorus Ulkei, Horn., Green River basin, June. 

Lepyrus colon, Linn., Wind River basin, July. 

There were also collected five or six undescribed species of Curcu- 
lionidce, belonging to the genera Listroderes, Lichenophagus (?), and 
Erirhimts. 

INDIAN NAMES FOB INSECTS. 

The following words, used by the Shoshone or Snake Indians to desig- 
nate insects, were obtained September 14^ 1873, at Gamp Brown, Wyom- 
ing Territory, from Moonharvy, Charlie, and Bob, three Shoshone 
Indians belonging to Washakie's band : 

Large, wingless cricket, {Anabrus simplexj Hald.,} Mesch. 

Black cricket, {Grylhis , sp. f), Mesch ; Mes-oo-wan-ich. 

Spider like cricket, {Stenopelmatns f) Nen-i-gtiipo. 

Pupa of a large grasshopper, ((Edipoda,) At-tung. 

Large grasshopper, ((Edipoda,) A-dun-ich. 

Hateful grasshopper, (CalaptentLS spretus, Uhler,) Ud-s^e-guee. 

Tenebrionidw, {(Jcelcenemns dilaticollis, Mann,) Bee-s6u-guah. 

Ceramhycidce, Prionus Califomicus, Motsch.,) Gon-i-p6e-ah. 

Green buprestid, E-w6e-et. 

Horse-fly, (Tahantis,) B6e-meet. 

Common fly, {Musca,) (An-6-vou,) An-^-ou. 

Tretnex, (sp. !) An-e-g6ot-tsee. 

Cicada, (sp. f ) Kiiah. 

Ant lion (Myrmelion,) Espoii-see. 

Day-fly, {Ephemera,) Mo6-po. 

Various diurnal butterflies and moths, A-e-pril. 

Celiac philodice, (yellow,) Oabit A-e-pril. 

Moths, from Washakie's Needles, {Arctia,) Un-dwust. 

Large, brown caterpillar, (larva of some SphingidcB,) Beer-waub. 
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White, Tds-it^li. 

Black, Ton-6r-wit 

Brownish-blacb, Tofi-gon-dad-bit. 

Brown, Tofi-gon-nmph. 

Bed, En-g^bit 

TeUow,rOabit,|Orbt. 

Green, A vent. 

Blue, (bright.) Tsoi-wt-it 

Bine, (graiyish,) Ah-mft-it. 
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CORRESPONDENCE RELATIVE TO PRINTING ADDITIONAL 
CHAPTERS OF THE GEOLOGICAL REPORT. 

Office of the Chief of Engineers, 

Washington, 2>. C, January 9, 1875. 

Sir : Since the printing of the congressional docament containing 
the report of Capt. W. A. Jones apon his reconnaissance in Northwestern 
Wyoming in 1873, Prof. Theo. B. Comstock, the geologist of the 
expedition, has prepared eight additional chapters to his geological 
report. 

As these chapters could not be prepared in time to accompany Cap- 
tain Jones's report, which was transmitted to Congress by the Secretary 
of War, I would respectfully recommend that one thousand copies of 
the additional matter be printed by the Public Printer, upon the usual 
War Department requisition. 

Yerj" respectfully, your obedient servant, 

A. A. HUMPHREYS, 
Brig. Oen., and Chief of Engineers, 
Hon. Wm. W. Belknap, 

Secretary of War. 

Approved, by order of the Secretary of War. 

H. T. CROSBY, 

CMef Cleric. 
War Department, January 13, 1875. 



Washington, D. C. January 4, 1875. 

Sir : I have the honor to transmit herewith a letter of Prof. Theo. B. 
Comstock, together with the additional manuscript which completes 
his report to me as geologist of the reconnaissance of Northwestern Wy- 
oming. 

Owing to the illness of Professor Comstock, he was unable t^ com- 
plete this manuscript in time for it to be presented with the main 
rei>ort. This latter has gone to press; and as the additional matter is 
of considerable scientific interest, I would respectfully suggest that it 
be printed, if possible, in such form that it may be distributed with the 
main report. 

Very respectfully, your obedient servant, 

W. A. JONES, 

Captain oj Engineers* 
The Chief of Engineers, 

United Staies'Anny. 
H. Ex. 285 21 
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SlE: TLe last installmeut of my report on the geology, &c, of the 
district surveyed under your direction in 1873, is herewith traasmitted. 
TLe construction and arrangemeut of the several parts is substantially as 
proposed loyou upon our return from the field, more than thirteen ojonths 
since. The departures from that plan, except iu some minor points, 
have been almost wholly due to the constant state of nncertainty regard- 
ing the date of pnblication. The fii'tit eight chapters were sent you in 
six installments, and as no copy could be retained, nnder the circum- 
stances, some unnecessary repetitions could scarcely be avoided. The 
sncccediug five chapters (on hot springs and geysers) were completed 
too Lite for publication iu the first edition of this document, (for the use 
of Congresc,) and the remainder of the report was put in manuscript 
while the former portion was inpresH. This brief statement will explain 
to yon the necessity for the omission of the intended simple lists of min- 
erals, niammals, and birds, and the lack of the index referred to in the 
intrwUictory chapter and elsewhere. 

The method which has beeu adopted, of employing head-lines in the 
text, lessens the need of an index, however, and the subjects arc gener- 
ally so classified as to make reference easy to any part of the work witli- 
ont SHcb a guide. 

I have endeavored, in all cases, to give duecreditin thebodyof the work 
to thos«4 who have rendered aid in the collection or elaboration of the 
material upon which this report is founded, but I cannot let this final 
opportunity pass without grateful mention of some who have a specif 
claim upon my remembrance. The members of the exi>edition, without^ 
I believe, one exception, were always ready to assist when called upon, 
and the officers at Fort Brklger, Camp Stambaugh, and Oamp BrowB 
gave me information of value, as well as bestowing kind attentions with- 
out stint. Dr. Carter, of Fort Bridger, has laid me under obligations 
for bis very carefully written notes on the Shoshone dialect. Dr. Heis- 
man, of our party, has furnished freely of his notes, besides giving ma- 
> on Min tri|i. Mr. i:[i;irk-s T. Croiiry aotoil iis my ussiet- 
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MILITARY WAGON-ROAD IN WYOMING AND MONTANA 

• TERRITORIES.^ 

Letter from tlie Secretary of TTar, relative to the bill (H. B. 2854) /or the 
location and construction of a military wagon-road from Oreen River 
Cityj TFyo., to the Yellowstone National Park, and to Fort Ellis, Mont, 
December 15, 1874. Referred to the Committee on Military Affairs ana 
ordered to he printed. 

War Department, December 10, 1874. 

The Secretary of War has the houor to retam to the House of Rep- 
resentatives House bill 2854, "For the location and construction of a 
military wagon-road from Green Ri^er City, Wyoming Territory, to the 
YellowstODC National Park, and to Fort Ellis, Montana Territory," and 
to transmit, for the information of the Committee on Military Affairs, as 
requested by the chairman of said committee, under date of June 9, 
1874, letter of the Chief of Engineers of the Army, dated June 16, 
1874, and copy of report of Capt. W. A. Jones, Corps of Engineers, 
which fully sets forth the advantages to be derived from the construc- 
tion of said road. 

Under date of November 28, Lieutenant-General Sheridan states: 
"In forwarding the report of Capt. William A. Jones, Ecgineer Corps, 
of his reconnaissance of the route referred to by the within papers from 
Green River City, Wyoming Territory, or its vicinity, to Fort Ellis, Mon- 
tana Territory, via the Yellowstone Park, under date of May 10, 1874, 
I did not express myself as in favor of the projected road. Since that 
date I have had opportunity to make a personal examination of the 
road through to Camp Brown, Wyoming Territory, which causes me to 
reconsider my former action ; and I now return these papers with my 
approval, and recommend that the road, as proposed by the within 
House bill, introduced by the Hon. W. R. Steele, of Wyoming Territory, 
be favorably considered by the honorable Secretary of War." 

WM. W. BELKNAP, 

Secretary of War. 



Office of the Chief of Engineers, 

Washington, D. C, June 16, 1874. 

SiB: In compliance with reference to this Office of bill No. 2854, 
introduced into the House of Representatives on the 6th instant by the 
Hon. Mr. Steele, for the location and construction of a military wagon- 
road from Green River City, Wyo., to the Yellowstone National Park 
and Fort Ellis, Mont., I have the honor to transmit herewith a copy of a 
letter from Capt. W. A. Jones, of the Corps of Engineers, in which the 
advantages which are expected to accrue from the construction of said 
road are fully set forth ; and also beg leave to refer to my letter of the 
13th instant, forwarding to you a copy of a report by Ca[)rain Jones of 
a reconnaissance of Northwestern Wyoming, made in 1873. 

The letter from the Committee on Military Affairs inclosing the bill is 
returned herewith. 

Very respectfully, your obedient servant, 

A. A. HUMPHREYS, 
Brig. Gen. and Chief of Engineers. 
Hon. Wm. W. Belknap, 

Secretary of War, 

^HouRe «f Representatives Ex. D(»c. No. 22, 43d Conj^ress, 2d session. 
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Washixgtos, D. Ct Jitte 12, 1874. 
His. : I have the honor to acknowledge the receipt of yoar letter of 
tlii:^ date apoQ the ^abject of a proposed militaiy wagou road in Wy- 

The road proposed by this bill is over the line diiieOTered by me last 
yf-ar wliile making the reconoaissance of Sorthwestern Wyoming. I 
consider it a perfectly practicable project, which can be attained at a 
nartonable ex[>en»e. 

The roadni:! leave the Union Pacific Eailroad nearGreen River City, 
Wvo., at such a point (probably Point of ttocksj as will give the shortest 
di»tan(;t- fnim the railroad to the niooth of Wind Kiver Valley. This 
valley in fijtUiwed ap to ita bead, where there is a pas? over which the 
^Hdes are perfectly easy and practicable. It is probable that this pass 
will be practicable for winter travel, as it lieu in snch position that th« 
I>rii-valeitt winds are interifepted by neighboring mountain-ranges, and 
cannot reach it with sufficient force to drive the snow into drifts that 
wi'l be seriOQS obstructions. It is the testimony of miners, freighters, 
and others in the Tenitories, that winter roads can easily be maintained 
ill the monntains, provided the snow does not drift badly. Whether 
this should prove true or not, the propose<I road wonld remain open aa 
longnstbepresentronteviaCoriDne.aDd longer than the .Uiasoori Kiver 
route. 

From this pass the road will proceed northerly to Te11owston« 
Lake, following down its eastern shore, and thence down the Yellow- 
stone Kiver, passing the Great Falls and along the crest of the Grand 
(Jhiion, and by the Mammoth Hot Springs on Gardiner's Biver to Fort 
Kills, Bozenian Oity, and the Crow Indian agency. From here there are 
f^ood roads to the principal cities and mining towns of Mootana. The 
lunte traverses the Wind Kiver Valley, (avoiding the present monntain- 
rond between Camp Stambangh and Camp Brown,) where the soil is 
ijuite well adapted to agriculture and grazing, as has been proved by 
e.xperience, and the climate is exceptionally mild ; the Teton Basin, a 
tlioriiiighly well-watere<l and well-timbered area of country, where the 
and rain falls w^illisullicient egriability to rendei 




RECONNAISSANCE OP NORTHWESTERN WYOMING. 325 

land and water travel, and affording all of the attendant advantages in 
the ti^nsaction of business, settlement of new country, and the ship- 
ment of Army and Indian supplies. It is fraught with lasting benefit to 
the people of Montana and Northern Idaho, and will hasten the utiliza- 
tion of the Yellowstone National Park as- a place of summer resort. 

Tables. 

MiUt. 
By rail: 

Otnaba to Corinne, tJnion Paoifio Railroad 1,055 

Omaha to Point of RockSy Union Pacifio Railroad 805 



t 



1 



j Distance saved by rail 250 

Omaha to Yellowstone Lake, present route : 

Omaha to Corinne • 1,055 

Corinne to Fort Ellis *.- 403 

Fort Ellis to Yellowstone Lake 118 



Omaha to Yellowstone Lake 1,576 

Proposed route : Miles, 

Omaha to Point of Rocks 805 

Point of Rooks to Yellowstone Lake 289 



Omaha to Yellowstone Lake 1,094 



J 



Distance saved to YeUowstone Lake 482 



Omaha to Bozeman, Montana, present route : 
Omaha to Corinne 1,055 

Corinne toj^^^l^J^.. 403 

Omahato j ^^^^^^ j 1458 

Proposed ronte : Miles. 

Omaha to Point of Rocks ...^ 805 

Point of Bocks to j For* K^s j ,^ 

Omaha to Bozeman 1,242 

Distance saved to j ^ortElUs J 3^6 



f * Passenger rates, (railroad :) 

Omaha to Corinne, Utah $79 25 

Xll < ^^^^^ to Point of RockSy Wyoming ^ 57 25 

Amoimt saved per man 22 00 



I 



• Freight rates, ( raUroad :) 

Omaha to Corinne, (third-class) per ton $42 20 

ly. ^ Omaha to Point of Rocks, (third-class) per ton 32 20 

Amount saved per ton.... 10 00 

To sum up : The proposed wagon-road saves 250 miles of railroad ; 
482 miles of distance to the Yellowstone National Park ; and 216 miles 
to Fort Ellis, Bozeman, and the principal cities of Montana, which is 
one of the most productive mining regions of the West ; is the shortest 
and most practicable road to the Yellowstone National Park and Mon- 
tana ; is heavily timbered through the belt of country where the heavy 

* As the difltanoe (waj^on-road) ia about the same in the two cases, the saying effected can very fairly 
be represented by the saving over 850 miles of raihoad. 
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snows fall, indicatiag a probable winter roate, while, at present^ there 
is Doae ; opens up a large tract (2,000,000 acres) of low-lying timber- 
land — a very important feature ; will open to settlement the Wind Biver 
Valley, the Teton Basin, and the valley of the Upper Yellowstone ; '^ 
hasten the attainment of the objects for which the Yellowstone Park 
was created by law; and will afford better competing lines of travel to 
the mining and other industries of Montana. 

I am, sir, very respeotfally, yoor obedient servant, 

W. A. JONES, 
Captain of Engineert. 
The Cheef op BuGmEERs, 

United States Armff, Washington, J>. C. 



yorty-tbird CoDgrees, First Session, H. B. S854. In the Honae of RapreseDtatiTeL 
April 6, 1S74. Bead twice, referred to the ComiD)tt«e od Military Affairs, and ordeita 
to be printed. 

Mr. Steele, od leave, iutrodaoed the foUowiDg bill : 

A BILL for Uifl IfHstioD and soDBtracEion of ■ mUitaiy vuoanwd from Gresn BlTSr Cltf, WtobIic 
TerrltoiT, to the YeUovstoDa tTKllDiul Pkrk. maito Fort EUis, Montana TerriKny. 

Be it enacted bv tte Senate ami Houte of Bepretentativti of the United Stata if Ameriem ia 
Congreai <u$embled. That tbere sball be located and cooatmcted, onder the direotioii <d 
theSecretar; of War, a military wagon-road from Green Biver City, in theTerritoiyrf 
Wyoming, or from sncb otherpoint la said Territory as may be selected, to the Yelloir* 
stone National Park, and to ^rt Ellis, in tbe Territory of Montana. And the Seci«- 
tary of War is hereby authorized to expend, for the prosecution of said work, any aom 
of money necessary therefor, not exceeding tbe sum of sixty thonsand dollars ; which 
said Bnm of money, or so much thereof as may be necessary, is hereby appropriated for 
that purpose ont of any money in the Treasury not otherwise appropriated- 
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Adjutant-General of the Army referring 
report, 3. 

refers Greneral Sheridao^s letter, 

4. 

Acting assistant quartermaster of expedi- 
tion, 5 

— commissary , 5. 

Action, geological, of plant and animal life, 

170. 
Alabaster deposits, 153. 
Alkali. 182. 

— analysis of, 182,296. 

— bogs or holes, J 82. 

— deposits, origin of, 183. 
Altitudes, table of, 65. 
Amethyst, Mount, trip to, 94. 
Animal life, protective effects, 175. 
cumulative — , 176. 

dejjtnictivo — , 177. 

Aqueous action, 161. 

Area, relative, of plateaus and mountains, 99. 
ArchcBology, 259. 

Arsenic, existence in springs suspected, 61, 
62. 306. 

Basix, Wind, Big Horn, 51. 

mountains of^ 51. 

rivers of, 52. 

■ Hoil of, 52. 

• roads of, 52, 53. 

■ River, explanation of winds, 62, 168. 

■ temperature, 62. 

^ humidity, 62. 

radiation, 62. 

lain, 63. 

winds, 63. 

— Green" River, 47. 

• mountains of, 47. 

— rivers of, 48. 

soil of, 48. 

— ■ roatls of. 49. 

— explanation of wind phenomena, 61, 

62, 167. 

— tem|)erature of, 61, 

" — humidity, 61. 

radiation, 61. 

— ■ rain, 61. 

' winds, 61. 

— North Platte, 49. 

' — mountains of, 49. 

— rivers of, 50. 

— soil (»f, 50. 

— 7" roads of, 50. 

•^ Yeliowstone-Teton, 53. 

"-* mountains of, r>:i 

"^ rivers of, 53. 

"^ soil of, 53. 

— roads of, 54. 

•^ temperature, 63. 

— humidity, 63. 
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Basin, Yellowstone-Teton, radiation, 63. 

rain, 63. 

winds, 64. 

— Big Horn, temperature, 63. 

humidity, 63. 

radiation, 63. 

rain, 63. 

winds, 63. 

— Teton, 42. 

Barometers, aneroid, unreliable, 59. 
comparison of, 59. 

— mercurial, cause of leakage, 60. 

attached thermometers of, 60. 

Barometric curves, horary chart, opposite 

60. 
Base line, secondary, measured, 8. 

11. 

Big Horn Mountains, 13, 16, 99. 
expedition, 16. 

— Muddy River, camp on, 7. 
fording of, 7. 

— Sandy River, description of first crossing, 

second — , 8. 

— Popo Agie River, 10. 

Bill, lor location and construction of wagon- 
road to Yellowstone Park and Montana, 
326. 

Black Hills, description of, 49. 

Box chronometers, failure of, 10. 

Bridge, across Yellowstone River, 33. 

Black's Fork, broke, 6. 

Bridger Lake, 40. 

Brig. Gen. Ord, letter forwarding report, 3. 

Buffalo, 16. 

Cache, of provisions and material, 23. 
Camp Brown, description of, 10. 

— Stambaugh, , 9. 

Capt. W. A. Jones's, letter transmitting re- 
port, 2. 
Cavalry, 2d, Co. I, detailed as escort, 5. 
Carboniferous system, 113. 

— limestone, 114. 

lithological characters, 1 1 4. 

organic contents, 114. 

Chalceoony in tears, 182. 

Chief of Engineers, letter transmitting report 
to Secretary of War, 1. 

letter relating to bill for construction 

of wagon-road to Yellowstone Park and 
Montana, 323. 

Chimney Rock, ascent of, 90. 

Classification of springs in Yellowstone Ba- 
sin, 30.^-6. 

Conglomerate, volcanic, arranged under wa* 
ter, 185. 

Cold, extreme, 35. 

Comstock, Prof. Theo. B., letter transmitting 
final chapters of geological report, 322. 
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Climbing inmedcd by bihut. 67. 

Cllmato ia Wind Kiver am) Teton Buius, 

compuriiioii of, 43. 
Cloud Ptak. !il. 
CottE of lignite gtonp. »ee of. 133, 1X1. 

— and oil depotita, isa, 

Contincnlal Divide, chnri of, opnoaite, 1G!>. 

line erf. 165. 



CiBter eruplioiia, ]i^. 

— overflun-B. matenitl of, IP9. 
Ciateis, few rcmaiUBof. 1^18. 
Condcusmiou nud cvapomlioii. cmnlu of. 

CreUceoas and Tertiary lyHtoms, Hi). 
lino betwwn. J 19. 

— itrala. 11<). 

iu Wind Biver Hountaina. 120. 

Owl Creek— , 180, 

SirtTB Bhoahonc — , 1 80. 

liilioloBinl chsnurtent, 180. 

organic conleuta, 181. 
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Curviu, bontry barometric, cbnrt of. oppo- 



areait of, 1 IG 

— syalpiiii abBence of, 118. 
DislBiices, conipanilive table of. 56, 57. 

— table of. II. 

Divide, Cunlinonlal, 37, t^. 166. 

— betwMfu Madison and Vol low Bt«n6 Rivers, 

ar. 

Drin depoBits. 135.136. 

of Wind River Valiej. 136. 

two epochs of. |:HI. 

fiee«iiig and tliBWing era*, NO, 

Ei.K Mounlain, 50. 



Field uaily^iH of inues,304. 
ouim for, WS. 

— mice and molea. 88. 
Kiwire emplionB. 1*4. 

— action, era of, l-^. 

FiHures. emplivi?. poiiiioo of, l"6. 
FloodB, evidences of in volcanic district, 8.>s, 
Fort Bridget. doKCtiption of, 144. 
Fieigbt to Montana, table of qnantitiea, 57. 
Funds, amonnt allotted for cxprdilion, 6. 
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GariiPlB in soil, ». 

Garden tmck van be raiHcd. 158. 

General Sheiiiiaii, farnrsrilB report, '.i. 

(ieneral Sberidau's Ivller. 1. 

Qeot^^y, dytiamic, 153. 

— Chemical, 17P. 
Geiignipfav, physical, 45, 95. 

^ceral aurfacr featares, 95. 

Gpyser Basin, trip to. 94. 
Ge>w;n in upper basiti. 34, 195. 
lu«er,rM,3ll3. 

— Btmclure of. il. 

— 841-59.* 

— diiit'ihution ar,S48. 

— Madison River gronp. 848. 

— Lower Fire Horp Group, 24.1-5. 
~ Upper Fire Hole Group, 849-54. 

— and bot sprints difference between. VSi. 

explanation of pbanomena, KS. 

Geyterite pebbles, 35*4. 

Geyserites, analysis of. 304. 
Gilbert's Pms, elevation of. 48. 

— Beach, 47, 88. 

Glacial ai>d Cbamplain epochs. 135. 

— action iu Owl Creek mounlain, 13S. 

hefoTf clinw of Miocene, I3a 

erosive effect* of, 139. 
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Horse*thieve8, steal two horses from escort, 
7. 

Hostile lodiaus, informed of presence of, 9. 

line of approach to Sweetwater settle- 
ments, 9. 

Huckleberry, mountain, 19. 

Human period 142. 

Indians, mode of travel, 9. 

— Shoshone, agency of, II. 

manners and customs of, 271. 

traditions of, 272. 

emotional expression of, 274. 

government, social, customs, &.C., 275. 

songs and singing of, 277. 

medicine, ornament, &c., of, 278. 

— in search of a ford, 12. 

— power of abstaining from food. 

— instinct of, 35. 

— scouts enlisted, 11. 
trouble with, 37, 40. 

— trails, enumeration of, 54. 
Insect pesUt, 27. 

Insects, Indian names for, 209. 
Instruments, astronomical, used, 82. 

Jackson's Hole, 42, 53. 

— Lake, 53. 

Jones, Capt. W. A., letter requesting publi- 
cation of additional chapters of geological 
report, i^2 1. 

to Chief of Engineers relating 

to proposed wagon-road to Yellowstone 
Park and Montana. 

Jurassic system, 1 18. 

in Wind River Mountains, 118. 

lithological characters, 1 IH. 

organic contents, J J 9. 

Laramik Peak, 49. 

Latitude, example of, 83. 

Latitudes and longitudes, table of, 84. 

Lieut. Gen. Sheridan, fowards report, 3. 

disapproves project for wagon-road 

to Montana, 4. 

approves (See ap- 
pendix.) 

Little Popo Agie, valley of, 89. 

Magnetic declinations, table of, 84. 
Marl, analysis of, 182. 
Marches, mode of making, 16. 
Medicine Bow Mountains, 50. 
Meteorology, 58. 

— instruments used, 58. 
Measurements, barometric, satisfactory char- 
acter of, 60. 

Metamorphic effects of eruptive action, 157. 

Metamorphies, age of, 105. 

Minerals, 3. 

Miners' Delight, 9. 

Mineral and thermal waters, report on, 293. 

field system, 293. 

Miocene beds of Wind River Valley, thick- 
ness of, 158. 
Monuments. grav&<t, &c., 266,267. 
Mount Hodges, elevation of, 47. 

— Tohkwana, 48. 

— Washburne, 33, 53. 

— Sheridan, 36, 37, 53, 95. 



Mountains, Siena Shoshone, obscured, 156. 

probable axis of, 157. 

effects of eruptive action, 157. 

description of eruptive deposits, 157. 

fossil tbrests in lava, 157. 

— Owl Creek, 157. 
Mountains, elevation of, 154. 

— Wahsatch, age of, 154. 

— Uin^Ah, 154. 

— eastern ranges, 154. 

Mountain near Tog wotee Pass, ascent of, 42. 
Mud volcanoes, 302. 
Mule lost on trail, 33, 36. 

— drowned, 7, 8. 

Niagara limestone, 110. 

discovery in Wind River Mountains, 

111. 

on east fork of Yellowstone River, 111. 

in Sierra Shoshone Mountains, 111. 

lithological characters, 112. 

organic contents, 112. 

Noyes, Capt. Henry E., credit due, 44. 

Observations, astronomical, manner of 
taking, 82. 

Odometer cart, 6. 

abandoned, 35. 

Oil-spring, 182. 

Orange Rock Springs, 27, 299. 

large steam jets of, 299. 

Order, Brig. Gen. Ord, directing reconnais- 
sance, 5. 

Overflow, remarkable volcanic, 37, 51. 

thickness of, 51. 

Owl Creek Mountains, 13,99, 151, 157. 

Ozone in atmosphere, 178,294. 

— efl'ect of, in rock weathering, 178. 

PACK-train, 11. 

sent to Fort Ellis for supplies, 22. 

Paleozoic strata, general remarks on, 1 15. 

— rocks, depths of seams, 116. 
Park, Yellowstone National, 53, 58. 
Pass through Rocky Mountains, 46. 

— Togwotee, 55. 

Passes discovered in Sierra Shoshone Mount- 
ains, 52, 55. 

— over Wind River Mountains, 47. 
Pelican Creek, trip to, 92. 

Phlox Mountain, ascent of, 13. 

description of country seen from, 13. 

Plains, Laramie, 50. 

Plant-life, conservative action of, 171. 

formature 173. 

destructive 175. 

Plateau, Green River, 90. 

area of, 100. 

elevation of, 100. 

— Wind River, 100. 

— Shoshone, 100. 

— Park, 100. 

Pliocene deposits, locality of, 129. 

in Yellowstone Lake Basin, 130. 

South Pass, 158. 

Point, lowest, reached, 99. 
Porcupine killed, 93. 
Post-tertiary, 134. 

general remarks on, 143. 

Potsdam sandstone, 106. 
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Streams swollen by freshets, 7. 

Structure, geological, between Upper and 

Lower Geyser Basins, 229. 
Subterraneous waters, 181. 
Supplies, short of, 20. 
Subcarboniferous limestone, lithological 

characters, 113. 

organic contents, 113, 114. 

Survey, description of field embraced by, 96. 
Sweetwater Mountains, 99. 

— River 9. 

Terrace epoch, general observations, 141. 
Tertiary deposits, 121. 

in Wiud-River Valley, age of, 128. 

Sierra Shoshone Mountains, 158. 

Teton Mountains, 99. 

— the Grand, 43. 
Thermal springs, 189. 

Turbid Lake group, 190. 

active geysers among, 191. 

periodicity of action, 191. 

Steam boai group, 192. 

deposits of, 192. 

Green Spring group. 194. 

mineral products of, 194. 

Sulphur (!) Hill group, 194-195. 

Yellowstone-River group, 196. 

Forest group, 197. 

section of spring deposits, 197. 

Wayside (Orange Rock) group, 198. 

Mammoth Hot, on Gardinefs River, 

200-216. 

bathing pools, 201. 

products of deposition, 

203. 

fucoidal markings 204. 

colloid growth, 207. 

— extinct geyser chim- 
neys, 209. 

fissures and mounds 

211. 

evidences of age of, 21 1 , 

description of cave, 212- 

214. 

Warm-Spring Creek group, 215. 

Boiling-Spring group, 217-220. 

geysers of, 219. 

specimens obtained, 219. 

Brimstone group, 220. 

— ' — Madison River group, 221. 

-^ section of igneous rocks, 222. 

-^ — Lower Geyser Basin, 223-226. 

Fire-Hole River group, 226-229. 

list of specimens from, 228. 

Upper Geyser Basin, 231-233. 

* southwest arm of Yellowstone Lake, 

233-236. 

section of rocks, 234. 

Mt. Sheridan group, 2:i9-240. 

Time, mean solar, 83. 

Timber land, large body of, 58. 

— line of Uintah Mountains, 48. 
Tog^otee Pass, 55. 

Trachyte dikes, 162. 
Trail, dangerous. 

— lost, 23, 34. 

— manner of making, 4 1 . 
Trails, Indian, enumeration of, 54. 



Train commanded by Lieut. Young, 6. 

— used up, 35. 
Transportation, 6. 
Triassic system, 118. 

in Wind River Mountains, 118. 

lithological characters, 118. 

organic contents, 119, 

Triangulation, 6. 

Trees, fossil, in volcanic rock, 17. 

containing crystals of amethyst, 33. 

Trout, parasitic worms in, 22. 
Twin Peaks, 47. 

Upheaval, Jurassic heat, effects of, 154. 

— Cretaceous, 154. 

— Tertiary remarkable volcanic ejections, 
154. 

last stages of volcanic action about 

Yellowstone Lake, 154. 
Uintah Mountains, description of, 47, 98, 

145. 

trip to, 86. 

period of upheaval, 97. 

View of Yellowstone Basin, 20, 296. 
Village, Indian, site of, 17. 
Volunteer Indian, scout, 17. 
Volcanic overflow of Pliocine age, 131. 

Wagon-road to Montana via Yellowstone 

Park, appendix, and 1, 3,55. 
Wahsatch Mountains, 97. 

period of upheaval, 97. 

Washakee, chief of the Shoshones, 16. 

— Needles, trip to, 52, 91. 

ascent of, 14. 

Water-supply, 153. 

Waters, difficulty of preserving, for analysis, 

305. 
Watershed, Crown of the continent, 46, 102. 

— double, 101. 

— secondary, 46. 

Water, Two Ocean, discovery of, 40. 

Wind action, 167. 

Wind River Mountains, passes over, 47. 

trip to, e9. 

Valley, return to, 42. 

Wind River Valley, description of, 13. 
Wood, siliciHed, in volcanic conglomerate, 
185. 

explanation of origin, 186. 

Wyoming Mountains, 99. 

Yellowstone Lake, former area of, 131. 

first sight of, 20. 

temperature of, 22. 

Basin, formed by deposition, 295. 

view of, 296. 

fitness as a resort for invalids, 307. 

classification of springs in, 305-306. 

Medicinal value of springs, 306. 

— River, 53. 

old channel, 167. 

headwaters of, 15. 

— Falls, 23, 24, 26, 163. 

— Grand Canon of, 53, 163. 

— National Park, 58. 

— route to Montana, 55. 
Yellow-Water Creek, 297. 
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